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Abstract 
Coal mining is an important economic activity as it covers the energy demands, 
generates export revenues and creates employment opportunities. Mining can, however, 
impact the local environment. Different mining operations produce several types of waste 
materials and one of the major wastes produced by open-pit mines is waste rock, which 
is dumped at waste rock dumps. The waste rock dumps can impact the environment in 
several ways. For instance, in Vietnam open-pit mines have disturbed the beauty of 
region where an important tourist resort “Ha Long Bay” is located resulting in the conflict 
of interest between mining itself on one hand while the aesthetics of an environmentally 
sensitive area located nearby on the other hand. 
RAME (Research Association Mining and Environment) is a joint industry and academic 
research effort to promote sustainable solutions for the mining industry in Vietnam and 
was founded by the German research institutions and companies in the year 2005. The 
present work has been completed in the framework of execution of the RAME research 
project. 
This dissertation investigates the environmental as well as the stabilisation performance 
of traditional sidehill fill dumping practice from open-pit mines with a focus on existing 
dumping operations in the Quang Ninh Province of Vietnam. Special emphasis is put on 
the potential issues of sidehill fill dumping and several case studies are being presented 
to demonstrate the potential problems of disposal practice which resulted in the necessity 
of a new dumping approach. A new concept of dumping the waste rock in the form of 
layers as a solution has been proposed and implemented within the framework of the 
RAME research project. The new dumping concept constitutes the later parts of the 
investigation, in order to avoid potential dumping problems. Layered dumping as an 
alternative to the traditional sidehill fill disposal offers significant potential stabilisation and 
environmental benefits which are discussed in the present work. 
A particular focus is given to the economical comparison of the traditional as well as the 
new disposal approach to assess the feasibility of the layered dumping method. Cost 
comparison approach is developed in the present work for both sidehill fill and layered 
dumping based on a block model of the waste rock dump. The results of the model 
disclose the possible financial benefits for particular dumping profiles with the 
implementation of layered dumping. The results of cost comparison from the developed 
model are then compared to the actual cost of dumping operations in Vietnam. The 
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results support the fact that the application of new dumping approach can help to resolve 
the conflicting issues of mining and environment while bringing economic benefits at the 
same time.  
Kurzzusammenfassung V 
 
Kurzzusammenfassung 
Der Steinkohlenbergbau als wichtiger Wirtschaftszweig deckt einen Großteil des 
Primärenergiebedarfs, schafft für die Steinkohlenexportländer Ausfuhreinnahmen und 
eine Vielzahl von Arbeitsplätzen. Bergbauaktivitäten üben dabei einen großen Einfluss 
auf die lokale Umwelt aus, unter anderen verschiedenen Arten von Abfällen. 
Mengenmäßig einer der wichtigsten Abfällströme im übertägigen Bergbau ist das taube 
Gestein bzw. Abraummaterial, das auf Halden deponiert wird. Abraumhalden können 
unterschiedliche Einflüsse auf die Umwelt haben. So beeinträchtigen die Bergbauhalden 
das Landschaftsbild in touristischen Regionen. Als Beispiel sei hier die Halong Bucht in 
Vietnam erwähnt. Daraus ergeben sich Interessenskonflikte zwischen dem Bergbau 
einerseits und der anderweitigen Nutzung eines solch ästhetisch und ökologisch 
sensiblen Gebiets. 
RAME (Research Association Mining and Environment) ist eine Forschungsvereinigung, 
die im Jahre 2005 von deutschen Forschungseinrichtungen und Unternehmen gegründet 
wurde, um nachhaltige Lösungen für den Bergbau in Vietnam zu fördern. Im Rahmen 
dieses Forschungsprojektes wurde die vorliegende Arbeit erstellt. 
Diese Dissertation untersucht sowohl ökologische Aspekte als auch die Standfestigkeit 
herkömmlich aufgeschütteter Halden, wie sie in der Provinz Quang Ninh in Vietnam 
angewandt werden. Herkömmlich bedeutet in diesem Sinn, dass das Haldenmaterial vom 
höchsten Punkt der Halde die Böschung herab geschüttet wird (Sidehill Dumping). 
Besondere Aufmerksamkeit gilt möglichen Problemen dieser herkömmlich 
aufgeschütteten Halden. Dazu werden mehrere Fallstudien vorgestellt, die die Probleme 
bei der Entsorgung von Abraummaterial in der Praxis verdeutlichen und die 
Notwendigkeit neuer Ansätze für Schüttverfahren demonstrieren. Im Rahmen des 
Forschungsprojekts RAME wurde ein neues Schüttverfahren zur Aufhaldung von 
Abraummaterial vorgestellt und umgesetzt. Das neue Konzept beruht auf einer Schüttung 
in Schichten und wird im weiteren Verlauf der Arbeit näher erläutert. So wird deutlich, wie 
mögliche Haldenprobleme vermieden werden können. Die Halden in Schichten, als 
Alternative zum herkömmlichen Schütten entlang einer Böschung, bieten ein erhebliches 
Stabilisierungspotenzial sowie ökologische Vorteile, die in der vorliegenden Arbeit 
diskutiert werden. 
Ein besonderer Schwerpunkt liegt weiterhin auf dem wirtschaftlichen Vergleich zwischen 
herkömmlichem Verfahren und dem neuem Schüttansatz. Dadurch kann die Machbarkeit 
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der Aufhaldung in Schichten beurteilt werden. Als Grundlage eines Kostenvergleichs 
beider Schüttverfahren dient ein Blockmodell der Abraumhalde. Die Ergebnisse des 
Modells zeigen mögliche finanzielle Vorteile für bestimmte Haldenprofile bei der 
Schüttung in Schichten. Die Ergebnisse des Kostenvergleichs aus dem entwickelten 
Modell werden dann mit den tatsächlichen Betriebskosten bei Halden in Vietnam 
verglichen. 
Die vorliegende Dissertation zeigt, dass die Anwendung des neuen Schüttansatzes 
helfen kann, den Konflikt zwischen Bergbau und Umwelt zu lösen und darüber hinaus 
wirtschaftliche Vorteile bietet. 
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1 Introduction 
1.1 Background and Motivation 
Waste rock dumping can be considered as one of the most significant activities within 
mining operations especially in open-pit mines because of its economical, environmental, 
stability and social implications. Mine waste is normally considered as a cost factor and 
generates no or relatively small revenue for the mining companies. The prime objective is 
thus to construct the mine waste dumps as economically as possible. In many cases – 
especially in developing countries – environmental, stabilisation and social issues have 
not been considered as an integral part in mine planning and management in the past. 
This has resulted in problems for local communities, governments and mining companies 
due to the construction of waste rock dumps. Some of the historical examples of waste 
rock dump stabilisation problems are given below: 
 On 30th April 2004, dump failure at a waste rock disposal site in South Field Mine 
Ptolemais, Greece resulted in a mass movement of 40 Mm³. The length of the 
affected area was 1.5 km while the width of area was 600 m. The extra cost for 
the displaced material transportation after the dump failure amounted to € 0.99M 
(Kavouridis & Agioutantis, 2006, pp. 183-188). 
 In June 2001, a failure of a coal mine waste rock dump located in the central 
Anatolia, Turkey occurred. About 20 Mm³ of the dumped material was displaced 
as a result of the failure over a distance of up to 600 m (Kasmer, Ulusay, & 
Gokceoglu, 2005, pp. 570-573). 
 At Canadian Rocky Mountain coal mines in the province of British Columbia, 
many waste rock dump failure incidents occurred from the late 1960’s till 1997. 
The distances covered by material during run-out failure events were up to 2 km 
(Dawson, Morgenstern, & Stokes, 1998, p. 328). 
Other problems resulting from the poor planning and management of the waste rock 
dumps include the contribution to surface and subsurface water contamination, dust 
emissions, Acid Rock Drainage (ARD) formation, sliding and erosion. The need for 
stabilisation and environmental protection measures has gain significance especially 
because of the public awareness, government policies and legislations. Finding solutions 
for the environmental and stabilisation problems with the aim of economically optimised 
dumping practices is becoming more and more important. 
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In the Quang Ninh Province, located in the northeast of Vietnam, the most important coal 
mines are present near “Ha Long Bay” which has been accredited as world heritage 
since 1994 by the United Nations Educational, Scientific and Cultural Organization 
(UNESCO). The mines generate two third of the province’s Gross Domestic Product 
(GDP) (Martens, et al., 2011, p. 197). The coal extracted covers 90% of the domestic 
demands as well as these mines are the source of entire coal export of the country. The 
overburden from the open-pit mines is dumped nearby in the form of waste rock dumps. 
The dumps are constructed by applying sidehill fill method near the open-pit mines of the 
Nui Beo Coal Company (NBCC). The critical issues for these waste rock dumps are: 
 Area requirements as the dumps are located in a region where variety of other 
activities are competing for the space (like urban settlements and vegetation) 
 Cracks and ground settlements within dumps which hinder rehabilitation efforts 
 Erosion problems at the dump slope surfaces which frequently causes the 
vegetation on the dumps to wash away 
 ARD generation which contaminates surface and subsurface water 
 Dust emissions because the dump site is located near urban settlements 
 Resloping requirements for rehabilitation purposes incurring additional mass 
movement expenditures. 
The impacts of dumps near the Ha Long Bay in Vietnam resulted in the conflict of interest 
between mining and tourism. The government required the mining companies to strictly 
preserve the environmental beauty of the area for promoting the tourism. 
 
Figure 1: Waste rock dumping problems in Vietnam. 
Addressing such issues of the waste rock dumping for changing the public and 
government perception as well as enabling both mining and tourism to continue side by 
side was necessary for the sustainability of the coal mining in Vietnam. Finding a solution 
for the individual stabilisation and environmental as well as land-use problems for the 
waste rock dump was challenging because of the relevant costs for each pragmatic 
solution. 
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1.2 Aim and Approach 
Research Association Mining and Environment in Vietnam (RAME) has been actively 
working to develop and implement concepts for the mitigation of environmental problems 
emerging from the coal mines in the north of Vietnam. Within the framework of RAME, 
the Institute of Mining Engineering I (RWTH Aachen University) is working to develop 
stabilisation concepts for the solid mine waste rock dumps. The present work is a part of 
the implementation of strategies developed for the dump stabilisation and rehabilitation in 
Vietnam. 
The work has been started with the study of waste rock production in mining and with the 
investigation of the main factors essential for a waste rock dump planning and design. 
The processes (drilling, blasting, loading and transportation) involved in the handling of 
solid mine waste rock have been discussed with the aim of optimising them before 
dumping. Based on several parameters, the waste rock is dumped in several ways and 
sidehill fill disposal is a common and preferable practice for open-pit mines if topography 
and other parameters permit. The main reason behind the preference of the sidehill fill 
dumping is its costs as it is believed to be a relatively inexpensive option. Major potential 
problems encountered with sidehill fill include slope failure, erosion, ground settlements, 
ARD, risk of dump fires, risk of accidents, resloping requirements for vegetation and area 
requirements for the dumping. The problems are discussed in Chapter 3 by giving 
several practical examples from different mining companies. 
Layered dumping as an alternative to eliminating the problems of solid waste rock 
dumping is discussed in Chapter 4. This chapter explains the method itself as well as the 
possible environmental and stabilisation benefits. The benefits discussed are improved 
stabilisation, flexibility of design, fewer ground settlements, less chance of water 
contamination, control over erosion and dump fires, relatively less area requirement for 
dumping and ease of rehabilitation. 
Chapter 5 starts with some of the existing cost calculation models for cost estimation 
within mining industry. The cost comparison methodology developed for sidehill fill and 
layered dumping is presented in the later parts of the chapter. 
In the framework of the research project, large scale testing of the layered dumping 
method has been implemented in Vietnam. The coal as well as waste production 
situation is explained for particular open-pit mines in Vietnam in Chapter 6. The drilling 
and blasting for waste production process has been assessed based on literature values. 
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Later, the discrepancies between literature and field values have been discussed with the 
aim to optimise the waste production operations. The process of waste rock production 
and conventional sidehill fill dumping practice as well as test dumping in layers is also 
elaborated in Chapter 6. The initial results of test dumping are explained in later parts of 
the chapter. The results of dumping field protocols are evaluated to assess the practical 
costs of the layered dumping in comparison to the conventional dumping approach. 
The comparative analysis of dumping costs in Vietnam and the costs from the developed 
cost comparison model is presented in Chapter 7. The possible issues to enhance the 
performance within layered dumping are discussed in Chapter 8. The work is concluded 
with a brief summary in Chapter 9. The main structure of the work is shown in Figure 2. 
Ch. 1 
 
Ch. 2 
 
Ch. 3 
 
Ch. 4 
 
 
Ch. 5 
 
 
Ch. 6 
 
Ch. 7 
 
Ch. 8 
 
Ch. 9 
  
 
Figure 2: Methodology. 
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2 Mine Waste Rock Dumping 
Almost all mining operations generate waste to a certain extent. In mining, waste rock is 
a low grade material which has to be extracted and disposed of in order to access and 
mine the high grade ore (Hartman & Mutmansky, 2002, p. 3). The waste disposal 
procedure normally involves a process chain consisting of loading, hauling and dumping 
the material to a suitable site with the aim of formation of a stable and environmentally 
friendly structure with minimum construction costs (Zahl, et al., 1992, p. 1170). 
In the past, generally little attention has been paid to the waste handling process from the 
environmental and stabilisation point of view. The main aim of majority of the mining 
companies was to choose the most economical dumping method. The environmental 
awareness of the governments and general public as well as the history of the waste 
dump failure have led the organisations to pay particular attention to the handling of 
waste in a most appropriate way possible. 
2.1 Mine Waste Types 
Mine wastes are of several types and can either occur in the form of solids like 
overburden or in liquids form like seepage water (Zahl, et al., 1992, p. 1170). Solid mine 
waste is sometimes generated in large amounts especially in the open-pit mines. Being 
produced in large amounts, solid mine waste needs special attention from the point of 
view of cost effectiveness (McCarter, 1990, p. 890). Solid mine waste can be classified 
into the following five categories: 
1. Low Grade Ore 
2. Tailings 
3. Sludge 
4. Heap or Leach Pads 
5. Waste Rock and Overburden 
A short description of each category will be presented in the next subsections. 
2.1.1 Low Grade Ore 
The ore with grade less than the cut-off grade is sometimes excavated and temporarily 
stored separately from the other waste rock. The purpose of discrete stockpiling is to 
keep the option to extract the valuable portion later on and the reasons for late extraction 
can be current low market price of ore or existing technology where costs of extraction 
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are relatively higher. Depending on the market value and available technology, the 
material is sometimes stored for a large span of time. There is also a possibility that the 
low grade ore remains as a waste even after the end of mining (Hill & Auerbach, 1980, 
pp. 1732-1733). 
2.1.2 Tailings 
In most of mining operations, processing of ore is carried out to enhance the grade of 
mineral. Some types of wastes are generated in such processing operations. The 
processing - for example washing and separation, grinding, flotation and milling - 
produces different types of wastes. Although the majority of wastes from processing are 
wet but sometimes dry wastes are also discarded. Normally the processing wastes are 
disposed of in a large amount and result in the handling problems from environmental 
point of view. The major environmental damages associated with such wastes can be 
contamination of the surface and subsurface waters. 
The processing wastes are usually discarded in tailings ponds located near mining areas. 
Other types of mining waste like mine drainage are also sometimes disposed of in the 
tailings ponds. The impoundments not only accommodate the waste but also serve to 
separate the liquids from the solids which settle at the bottom. After recycling, the liquids 
can be used in the mines, for example for dust suppression or in the processing. Tailings 
are also sometimes used for the backfilling of surface or underground mines (Hill & 
Auerbach, 1980, pp. 1733-1734). 
Mining
Processing 
Washing, Grinding, Flotation
Concentrated Ore Tailings 
Usage as 
Backfilling
Storage in 
Impoundment
Solids Settle 
in Bottom
Water 
Collection
Used in Dust 
Suppression
 
Figure 3: Origination and management of mine tailings. 
Mine Waste Rock Dumping 7 
 
 
2.1.3 Sludge 
Sometimes the water flowing out of mines cannot be drained in its polluted form. Run-off 
and beneficiation drains require a proper treatment before leaving the mine site. The 
process of treatment results in the creation of solid wastes which are referred as sludge. 
An example is ARD treatment where some of the methods generate sludge of calcium 
sulphate and metal hydroxide. Compared to the other mining wastes, sludge is not 
produced in a very large quantity. Also, the sludge usually does not pose serious 
environmental degradation issues. It is normally discarded in the waste dumps or in 
mined-out areas (Hill & Auerbach, 1980, p. 1734). 
2.1.4 Heap or Leach Pads 
Low grade ores from mines are sometimes stockpiled without prior compaction in the 
form of dumps. The constructed dump is sprayed with fluids for the metal recovery from 
low grade ores. In heaps, the low grade ore is disposed over impermeable liners. The 
pile of material left after the removal of metal can be considered as waste and needs to 
be handled from environmental point of view. Sometimes highly environmental degrading 
elements are generated from heaps. The common contaminants generated are cyanides 
which leave the leach dumps during and after gold extraction (Zahl, et al., 1992, p. 1171). 
2.1.5 Waste Rock and Overburden 
Waste rock is generated during the development and exploitation stages of surface as 
well as underground mines and generally consists of coarse particles of boulders and 
cobbles along with fine fraction. Overburden is produced as a result of surface mining 
operations to access and mine the deposit. The characteristics as well as the quantities 
of overburden are always site-specific and depend mainly on the deposit characteristics 
and the employed mining method. Materials which constitute the overburden include 
topsoil, subsoil and consolidated/unconsolidated rocks in the surface mines. Waste rock 
is usually dumped in the form of large waste rock dumps. 
The process of excavation and transportation of overburden and waste rock is 
determined based on the features of mineral deposit. When the overburden material is 
relatively unconsolidated, it is excavated by the dozer, scrapper, dragline or power 
shovel. For relatively consolidated materials, drilling and blasting loosen the material 
which is then loaded by the power shovels and transported to the disposal site by the 
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trucks. For transportation, other methods like conveyor and trains are also employed in 
mining industry (Hill & Auerbach, 1980, p. 1732). 
2.2 Mine Waste Production 
The present work deals with the overburden and waste rock produced from the open-pit 
mines. The waste production process chain for the open-pit mines with consolidated 
overburden will be discussed with the aim of optimising the production steps to achieve 
more economical waste rock disposal. Normally the process chain for overburden 
removal and waste production consist of drilling, blasting, loading and the transportation. 
Each process is discussed in the next subsections. 
2.2.1 Drilling 
Drilling in mining is needed for collecting the samples for exploration purposes, slope 
stability calculations and foundation testing. The major use of drilling is, however, during 
the mining cycle for creating blastholes. For choosing a suitable drilling method, geology 
and resistance to penetration for a particular material is more important than the type of 
material. This means similar drilling methods can be used at a particular mine for 
overburden and ore, but the same mine may have different drilling methods based on the 
geology and resistance to penetration for different ore or waste formations. 
There are several types of classifications for drilling methods. One of them is based on 
the technique of energy application for drilling. According to this scheme, drilling can be 
mechanical, thermal, fluid, sonic, chemical, electrical, light and nuclear. The most 
important and widely used type is mechanical (98%) in the form of either percussion or 
rotary drilling. The main components of the drilling system are: 
 Drill: The component which transforms source energy (fuel, electrical) into 
mechanical energy. 
 Rod: The rod acts as transmitter of energy from one part (drill) to the other (bit). 
 Bit: The bit impacts the rock with energy provided by the rod. 
 Fluid: The fluid serves to remove debris from the hole. 
In percussion drilling, the energy is applied through chisel-shaped tool in order to hit the 
rock with a stroke. During drilling, rod and bit rotate after each blow. Both rotation and 
percussion work consecutively for excavating the rock. The broken particles are removed 
by cleaning action of the fluid. On the other hand, the rotary drag drilling consists of the 
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ploughing action provided by the static load and the rotational component of the drilling 
system. The combination of both rotary and percussion drilling systems also exist in the 
form of roller bit rotary and rotary percussion drilling. 
The selection of particular production drilling machine includes the following steps: 
1. Assessment of the local conditions e.g. labour and weather 
2. Determination of the specific restrictions like excavation, haulage and pit 
geometry 
3. Finding of the blasting requirements such as drill hole size, depth and the 
inclination 
4. Selection of appropriate drilling methods 
5. Evaluation of operating variables as well as the performance parameters which in 
turn determine the costs for selected drilling methods 
6. Selection of the option which can perform the required drilling operations with 
least cost. 
The factors impacting the drilling process include, among others, material properties such 
as density and compressive strength, geologic conditions like fractures and folds, state of 
the stress and the operating variables (drilling steps listed above) of the system. The 
performance of drilling system can be evaluated by assessing the following factors: 
 Energy or power utilisation 
 Penetration rate 
 Wear of bit 
 Cost incurred 
There are several formulas for finding the first three parameters (energy, penetration rate 
and bit wear) for particular drilling operations. The fourth parameter i.e. costs can be 
assessed and controlled based on the first three parameters (Hartman H. L., 1990, pp. 
513-521). 
2.2.2 Blasting 
Blasting is carried out after the drilling of blastholes and it enables the overburden 
removal in the majority of mining operations. One of the aims of blasting is to achieve the 
required fragmentation of rock particles with minimum costs for loading without disturbing 
the environment in terms of noise and vibrations (Ash, 1990, p. 565). An improper 
fragmentation of the particles after blasting can reduce the efficiency of loading 
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operations. The possible reason for inefficient blasting and loading operations can be low 
fill factors and idle times resulting from oversize rock boulders which need secondary 
blasting. Proper fragmentation after blasting on the other hand contributes towards the 
economical mining operations. For example at Manganese Ore India Limited operated 
open-pit mine, an improved fragmentation of particles led to more than 50% increase in 
the performance of the loading equipment. Another benefit was that there was no need of 
secondary blasting in the majority of cases (Jhanwar, et al., 1999, p. 37). 
To achieve the best results for efficient digging and loading operations, several factors 
like explosive properties, initiation sequence, blast geometry and rock properties need 
consideration during blast design. The designing of a surface blast is based on the 
parameters such as borehole diameter, burden, spacing between holes, charge weight, 
stemming and subdrilling. Among these parameters, the values of borehole diameter and 
burden are the most important for an optimum blast design. The value of burden depends 
on the geology and explosive energy. The degree of rock fragmentation and shape of the 
broken rock pile is ascertained by the blasting sequence, number of blasting rows and 
space to burden ratio. The required fragmentation depends on the type and capacity of 
the loading equipment. The values of the blast design parameters are used to find the 
Powder Factor (PF) which is rock yield per pound of explosive for particular round. 
 
 
(2.1) 
The PF is an indicator of the fragmentation after the blasting of overburden. The value of 
PF lies between 0.25 and 2.5 lb/yd³ (common values range from 0.5 up to 1 lb/yd³). The 
recommended values of PF for shovel (30 yd³) loading are in the range of 0.6 to 
1.1 lb/yd³. The higher value of PF means relatively large amount of fine fragmentation 
after blasting. On the other hand, the lower values of powder factor results in a higher 
portion of relatively larger sized particles after blasting of the rock. 
The empirical relationships have been developed for the assessment of blasting 
parameters like burden, spacing, stemming and subdrilling. The relationships are 
suggested by Ash (Dowding & Aimone, 1992, p. 733) and are described below. 
Burden “B”: Burden is the horizontal distance between blasthole and free face for 
particular blasting round. The empirical formula for finding the amount of burden is, 
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  (2.2) 
Where 
KB = Burden ratio and its value depends on blasthole diameter and 
density of explosive 
 
Spacing between blastholes “S”: This is the distance between blastholes within a single 
blasting row. The formula of calculating the spacing is, 
  (2.3) 
Where 
Ks = 1 to 2 and the value is based on the initiation system 
 
Stemming “T”: Stemming material (inert) is placed in the upper portion of the blasthole to 
prevent the escape of blasthole gases which enable the fragmentation of material. The 
stemming can be calculated as, 
  (2.4) 
Where 
KJ = 0.3 on average 
 
Subdrilling “J”: This is the section of blasthole at lower portion and is required for the 
breakage of rock at designed bench height. 
  (2.5) 
Where 
KT = 0.7 on average (Dowding & Aimone, 1992, pp. 731-734) 
2.2.3 Loading 
After blasting, the material is usually loaded with loading machines (like power shovel) 
into the trucks. The process is followed by the transportation and dumping of the waste 
rock material. For overall economical dumping operations, an optimisation of the loading 
time is important. The loading part of the overall cycle for the dumping is composed of 
time of loading the material within bucket, swing time from loading face to the truck, time 
12 Mine Waste Rock Dumping 
 
for placing material from bucket into truck and then moving of the bucket back to the face 
for next load. The process of loading from shovel continues until the material is loaded up 
to the truck payload. The number of cycles for loading from a shovel into the truck 
depends mainly on material density, bucket size of loader and haulage capacity of the 
truck. The number of bucket loads required for a particular truck payload is preferred to 
be less because it minimises the loading time, thus, reducing the overall cycle time of 
dumping. On the other hand, this number should not be less than three with very large 
sized bucket because the one and two passes of shovel for a complete truck loading are 
no more practical as it increases the loading time. The reason for an increased loading 
time is the extra time needed for rehandling the material which falls out of fully loaded 
truck from large sized shovel bucket. 
Matching of the truck and power shovel size therefore can be considered as important for 
the productivity and loading cost of the waste rock. Costs can generally be reduced by 
matching the size and number of trucks with the size of loading equipment for a specific 
material. The ultimate match point between truck and loader is usually estimated by the 
crossover point of two lines depicted in the figure below. 
 
Figure 4: The perfect match point (Gove & Morgan, 1994). 
The horizontal line in Figure 4 consists of the achievable production of loader (e.g. power 
shovel, excavator). The other line is at a certain angle with horizontal axis and represents 
the truck fleet production. For this relationship, both loader and truck capacities are 
assumed to be 100%. 
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One of the methods to find the loss of efficiency during truck-loader interaction has been 
developed by Caterpillar. The Fleet Match ratio (Equation 2.6) determines the efficiency 
loss during loading operations. If the Fleet Match value is higher than 1, the high number 
of trucks results in the idle time at the loading sites. The performance of loading 
equipment in that case will be 100% and that of loaded equipment will be less than 
100%. If there are fewer trucks available for specific loaders, the loader operations will 
contain idle time during truck loading. In this case, the value of Fleet Match will be less 
than 1 with the working performance of trucks being 100% while loading equipment will 
be operating with waiting times. For a perfect match, the value of Fleet Match is 1 where 
there is neither waiting time for truck nor for the loader. In this case both trucks and 
loaders will be working at 100% efficiency (Gove & Morgan, 1994, pp. 1179-1181). 
  (2.6) 
For example, in a particular loading operation, the cycle time of the trucks is 20 min and 
the loading time for shovel is 3 min. Suppose that there are 5 trucks operating on a site, 
the efficiency will be 75% and resulting productive efficiency of the shovel will be less 
than 100% while the trucks are loaded to their capacity. 
Another approach to find the optimum number of trucks (NT) for a specific power shovel 
model consists of simply dividing the truck cycle time with truck load time (Burton A. K., 
1975, p. 38). 
  (2.7) 
The number of loaders (e.g. power shovel) required for loading operation is estimated 
with the following equation (Burton A. K., 1975, p. 38). 
  (2.8) 
Where 
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The productivity of loader is related to the possible interruptions during consecutive truck 
loadings. Higher delays can be expected at situations where the position of second truck 
is not appropriate for immediate loading once the first truck is fully loaded. 
2.2.4 Transportation 
After loading, the waste rock material is transported to the dumping sites. The average 
cycle time of truck for the overall haulage consists of the theoretical cycle time 
(containing loading, transporting and dumping time) reduced by the productivity factor. 
The number of trucks for transportation of waste rock depends on the truck productive 
capability and the amount of material to be transported. The formula given in Equation 
2.9 used for finding the number of trucks, divides the hourly tonnage required by 
productive capability of the truck. 
  (2.9) 
The tons per truck hour is productivity and can be calculated as, 
 
The real number of trucks required for a particular operation can be estimated based on 
the truck utilisation. The value of utilisation varies from site to site depending on the local 
working conditions. The mean value of truck utilisation is around 75% over entire life. 
The transportation time in both directions i.e. loaded truck from loading site to the 
dumping site as well as empty truck from dumping site to loading site, is included in the 
estimations. Usually the haulage path is split in several particular segments with different 
values of length, grade and rolling resistance. The parameters like length, grade and 
rolling resistance as well as speed limitations for each particular segment are used to 
calculate the overall cycle time (Burton A. K., 1975, pp. 36-39). The main factors affecting 
the speed and transportation time are given in the following subsections. 
2.2.4.1 Weight 
The water level loading capability of the vessel is referred to as struck capacity. The 
added material capacity above the edges of the vessel depending on the angle of repose 
of a material is referred to as heaped capacity (Hoskins & Green, 1977, p. 92). The 
capacity of truck for which it is actually designed is termed as the rated payload. The 
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effective payload is the amount which is transported under normal mining operations. 
The reason for a difference between rated and effective payload can be attributed to the 
different densities of the materials being transported or the material falling out of truck 
over steep grades (Burton A. K., 1975, p. 36). 
2.2.4.2 Rolling Resistance 
The rolling resistance is the resistive force between ground and vehicle tyres. The rolling 
resistance is caused by friction within bearings and tyre incursion in the ground. It is 
measured in pounds of pull or as a percentage of grade (always positive values). To find 
the rolling resistance for a particular situation, rolling resistance for a surface without tyre 
penetration (40 lbs/ton) can be added to 30 lbs/ton for every 1 inch of the tyre 
penetration. The rolling resistance for different situations has already been subject to 
various studies which have led to the reference values that can be applied to determine 
the expected rolling resistance for a particular transportation situation. For example, for a 
road surface with smooth, hard, dry dirt or gravel with little or no penetration, the value of 
rolling resistance can be assumed 40 lbs/ton Gross Vehicle Weight (GVW) for high 
pressure tyres (Hoskins & Green, 1977, pp. 94-95). 
2.2.4.3 Grade Resistance 
Grade resistance is the opposition due to the gravitational force during upward 
movement of a truck. The truck has to overcome this resistance to move over a slope. 
Grade resistance is measured in the units of pounds per ton or gradient angle (1% of 
grade equals 20 lbs/ton). Grade resistance can be both positive and negative. It is 
positive when the truck moves uphill and becomes negative with downhill movement of 
the truck because the grade resistance adds power to the truck during downhill 
movement. 
The total of rolling and grade resistance is total effective resistance. This resistance and 
other factors like engine performance, gear ratios and truck weight can be used to 
calculate the rimpull (Burton A. K., 1975, p. 40). 
2.2.4.4 Effects of Altitude and Temperature 
The truck engine performance is affected by oxygen availability at high altitudes as well 
as temperature. Sometimes the manufacturer’s guidelines define the maximum altitude 
for a particular truck operation. One has to take into account the effect of altitude and 
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temperature after the defined limit of maximum altitude - for example, a four stroke 
engine will have an efficiency reduction of 3% for an increase in 1,000 feet altitude after 
initial 1,000 feet (Hoskins & Green, 1977, p. 95). 
2.2.4.5 Road Curvature 
The amount and dimensions of road curves have an impact on the travelling speed of a 
truck. A large number of road curves definitely reduce the overall truck speed. 
Based on the factors discussed in previous subsections, travelling speed and time can be 
calculated. The mine waste dumping operations cannot be accomplished with 100% 
efficiency and the loss of efficiency can be due to a difference in the productivity at 
specific operations. The specific factors impacting the productivity are as follows: 
 Queuing: Queuing can occur for example when a power shovel has major defect 
resulting in queues of trucks waiting for loading. The ultimate result is the impact 
on productivity. 
 Bunching: The lining of large number of trucks at dumps or load site (for example 
at the start of a shift) results in bunching where productivity is not optimum. 
 Matching: Productivity can vary due to several different sizes of truck working 
with one shovel and on a single haul route. 
 Weather: Heavy rainfall can result in situations where some types of trucks are 
not suitable for working. 
 Human element: The factor depends on the operator’s condition (qualification, 
experience, temper) and varies with the day time and the specific location 
(Burton A. K., 1975, pp. 40-41). 
Additional factors impacting the speed limit and transportation time include: 
 Varying payloads 
 Amount and type of traffic at haulage roads 
 Traffic restrictions, for example, due to haulage road geometry 
 Changes in loading and dumping locations (Gove & Morgan, 1994, p. 1181). 
Based on the practical experience, there are empirical factors which can be employed to 
estimate average cycle times (Burton A. K., 1975, pp. 40-41). 
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2.3 Waste Rock Dump Design 
Materials with no economic value as well as overburden from mining operations are 
disposed of in the form of mine waste dumps. 
When planning waste rock dumps, the primary aim usually is to target the minimum 
transportation distances between the loading and the dumping location, as material 
transportation is often one of the most significant cost factors. Thus, an optimised mine 
waste rock dump design can contribute significantly in reducing the overall mining costs 
(Bohnet & Kunze, 1990, p. 485). 
In recent times, the importance of adequate dump design has also become evident from 
the stabilisation and environmental degradation prevention point of view. The sections 
below describe the main factors to be considered for designing a mine waste rock dump. 
2.3.1 Site Selection 
The selection of dumping site constitutes the primary step for the waste rock dump 
design. The waste rock dump site is restricted by the factors like open-pit size and 
location, topographical features of the considered area, surface and groundwater flow, 
working boundaries, rehabilitation requirements and foundation conditions. In most of the 
cases, the waste rock material is dumped in the adjacent areas. Sometimes, however, an 
internal dumping can become the cheapest dumping option where waste rock material is 
disposed of inside the worked out areas of an open-pit mine (Bohnet & Kunze, 1990, p. 
485). 
An important aspect for site selection is the overall capacity of dumping site. As ultimate 
pit limits are dependant on the market price of commodity, an increase in the market 
value will impact the ultimate pit limits which will further increase the amount of waste 
material. Thus, the flexibility to receive more waste forms an important factor for the site 
selection (Hawley, 2000, p. 267). The information gathered during mining exploration 
(such as topography, geology, hydrology and climate) can be effectively used for the 
assessment and selection of a dumping site for waste rock generated from mining 
activities (Eaton, 2005). 
2.3.2 Material Properties 
Three important material parameters for dump design are the swell factor, compaction 
and the angle of repose. 
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In-situ material swells after excavation with voids in-between the particles. Swell factor is 
the ratio between excavated loose material and in-situ material (Bohnet E. L., 1985, p. 
25). The swell factor is useful for the expected space required for future dump volume as 
well as for the selection and operations of loading and hauling equipment. The factor can 
be assessed by the loose density tests. Depending on the material type, the common 
swell factor values range from 10% to 60% for in-situ material after mining. The values 
for hard rocks range between 30% and 45%. 
The material, after dumping, compacts to a certain level based on the several factors like 
dumping method and the dump height. The value of compaction lies between 5% and 
15% and depends on the size and type of dumping material, moisture content as well as 
the dumping equipment. The compaction of material assists in defining the required 
dumping space and the final dump profile. 
The angle of repose of dumping material also helps in designing the profile of a dump. 
Common values for dry run-of-mine material range from 34° to 37° (Bohnet & Kunze, 
1990, p. 485). 
2.3.3 Mining Factors 
Mine production schedule is usually planned prior to the designing of an associated 
waste rock dump. The quantity of the waste rock material is therefore normally available 
through mining plans. Information about the source as well as rate of waste material 
generated from a mine during its life can be used to design a suitable waste rock dump. It 
is generally preferable to dump the waste material at similar elevation as its source for 
the reasons of transportation costs (Bohnet & Kunze, 1990, p. 485). 
If there is a choice of moving the waste material downhill, uphill or level, priority is given 
to the level and downhill movement because it reduces the haulage costs (Hawley, 2000, 
p. 267). Dump design is also governed by the transportation method. The waste rock 
handling methods in practice are truck, conveyor and rail. The most frequent among 
these three methods is the transportation using haulage trucks. The reason for a higher 
utilisation rate of the trucks is that the method is flexible and the capital costs are 
relatively low (Bohnet & Kunze, 1990, p. 485). 
2.3.4 Stability Issues 
Mine waste rock dumps are generally designed considering the expected physical 
stability of the structure. The geotechnical dump stability can be considered as an 
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important factor both during the dump construction (short term) as well as after the 
completion of dump construction (long term). 
The stability of mine waste dump is related to the foundation characteristics, material 
properties, seismicity, climate conditions and construction method. Properties of the 
foundation soils such as shear strength, durability and chemistry can be found through 
laboratory tests. Geotechnical parameters like shear strength, density and internal 
frictional angle of the waste rock material are required for the assessment of dump 
stability. The expected dump configuration along with geotechnical and water parameters 
can be used to carry out slope stability analyses for safer dumping operations as well as 
stable dump profiles (Eaton, 2005). 
For weak foundation consisting of material like soft clays and soils, the dump base is 
prepared before the actual dumping by removing the topsoil for the stability of dump. 
During the dump construction, the overall dumping height and slope angles are adjusted 
if the waste material characteristics like density and shear parameters change which can 
alter the stability situation. The stability situation, therefore, impacts the dump geometry 
and should be considered before designing the dump as well as during actual dumping 
operations. Based on the stability requirements, the overall slope angles at dump face 
can be controlled by constructing the waste rock dump in layers and leaving the berms at 
specified heights. Alternatively the dozer can be employed in order to change the slope 
angle by resloping the dump face (Bohnet & Kunze, 1990, pp. 486-489). 
2.3.5 Environmental Factors 
The possible environmental problems during a dump construction as well as reclamation 
requirements after the completion of dumping have direct impact on the designing of a 
dump. An example is of ARD where mitigation costs can result in an alternative dump 
design (Eaton, 2005). Another example is of specific reclamation where backfilling in 
certain stratigraphic sequence can restrict the design to a single option. Topsoil from 
overburden and dump foundation can sometimes be important to handle for dump 
vegetation later on. Drainage control is required in cases where contaminated water can 
obstruct the vegetation during reclamation. Environmental issues like erosion prevention 
and topsoil placement for vegetation can necessitate a dump design with terraces either 
during dump construction in lifts or using dozer for resloping after the completion of dump 
construction (Bohnet & Kunze, 1990, pp. 486-489). The possible environmental problems 
are discussed in Chapter 3. 
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2.3.6 Political and Social Considerations 
Political and social framework conditions for a waste rock dump design as well as mining 
operations differ significantly from one region to another. Government regulations and 
social expectations are therefore considered for designing a waste rock dump. The 
standards and requirements defined by the government need a prior consideration for 
design. This is important for getting the mining permits. Dump design can become critical 
due to the aspects like aesthetic value, end use, environmental protection and nature 
preservation. 
Nowadays, public awareness for environmental protection is also taken into account for 
design purposes. Problems can arise due to proximity of the public settlements nearby 
and are needed to be addressed during designing phase. The problems can also arise 
due to the competing land usage and can be resolved by giving more importance to few 
factors than the other ones (Hawley, 2000, pp. 267-268). 
The factors and information needed for designing is summed up in the Figure 5. 
 
Figure 5: Factors and information considered for waste rock dump design. 
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2.4 Mine Waste Dump Types 
Based on the factors discussed in the previous sections, several types of mine waste 
dumps are constructed in the mining industry. The mine waste rock dumps can be 
classified through several classification systems. One of the classifications which is the 
most common categorises the waste dumps on the base of configuration and foundation. 
According to this classification, the waste dump types are heaped fill, valley fill, ridge fill 
and sidehill fill. The types are elaborated in the next subsections. 
2.4.1 Heaped Fill 
These types of dumps are also called area, staked, piled fills or fan dumps and are 
generally suitable for construction on flat or relatively less inclined foundation. The 
material is dumped on all sides and the outer slopes are formed based on the material 
characteristics (Eaton, 2005). The overall dumping height results from the number of 
layers and the height of each layer which constitute the dump (McCarter, 1990, p. 890). 
The type of dump is shown schematically in Figure 6. 
 
Figure 6: Heaped fill (Zahl, et al., 1992). 
2.4.2 Valley Fill 
Waste rock dump constructed in a valley structure is referred to as valley fill. The piles 
are constructed by dumping the material from predefined dumping heights or by piling of 
the waste rock from bottom upwards in the form of layers. The second variation is costly 
and needs a careful planning and designing as a steeper foundation tends to result in 
stability problems. The upper surface in valley fill is constructed in such a way that water 
flows down towards the collection channel preventing the water impoundment at the top. 
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Two major subtypes of valley fill dumping can be differentiated - head-of-hollow fill (waste 
rock material entirely fills up the valley; as shown in Figure 7 left) and cross-valley fill 
(valley is not completely filled with the waste rock material and the direction of advance of 
dumping is from one wall of valley towards the other side across the drainage channel; 
see Figure 7 right) (McCarter, 1990, p. 890). 
 
Figure 7: Valley fill types; Head-of-hollow fill (left), Cross-valley fill (right) (Zahl, et al., 1992). 
2.4.3 Ridge Fill 
In the ridge fill type of dumping, the waste rock material is dumped and divided on either 
sides of a ridge (McCarter, 1990, p. 894). The dumping type is not widely used because 
the topography of foundation is not common. Ridge fill type dump is shown schematically 
in Figure 8. 
 
Figure 8: Ridge fill (Zahl, et al., 1992). 
2.4.4 Sidehill Fill 
This is the most frequent practice of mine waste dumping for open-pit coal mines. In this 
method, the waste rock material is dumped from the top of hill at slope edge (McCarter, 
1990, p. 890). The dumping starts from the top of hill and then proceeds in the lateral 
direction. The material falls and stays at nearly equal to the angle of repose. The slope 
stability of waste rock material, therefore, requires special consideration in sidehill fill 
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dumping because a small force of rainfall can increase the disturbing forces resulting in 
the sliding of material staying at angle of repose. Another drawback with the approach is 
the advancing dump face where slope angles cannot be controlled even with auxiliary 
equipment like dozer during the active dumping phase. The method is discussed in more 
detail in the next chapter. 
 
Figure 9: Sidehill fill dumping (Zahl, et al., 1992). 
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3 Sidehill Fill Dumping Practice 
Mine waste rock dumping as sidehill fill is common practice at open-pit mines in several 
parts of the world. According to (Moffitt, 2000, p. 6) around 70% of coal mine waste 
dumps in British Columbia have been constructed as sidehill fill and the dumps 
constructed during 1980’s were among the world’s largest mine waste rock structures. 
Mine waste dump at Fording River Operation of Fording Coal Ltd., is one of the examples 
of world’s highest dump (400 m high) which was built as sidehill fill (Kent, 1993, pp. 12-
14). Waste rock dumps have been constructed in Vietnam with a similar approach and 
the falling heights of slopes of waste rock dumps are 200 m (Fuchsschwanz, et al., 2009, 
p. 200). 
Two types of sidehill fill dumping can be differentiated: end-dumping and short-dumping. 
In end-dumping, also known as edge-dumping or crest dumping, the waste rock material 
is discharged at the crest of the dump as shown in Figure 10 as an example from a site in 
Vietnam. No auxiliary equipment is used for pushing the material. In majority of sidehill fill 
dumping cases waste rock dump is constructed with this method. This is because the 
method is believed to be relatively economical than the short-dumping where auxiliary 
equipment is employed. 
 
Figure 10: End-dumping of waste rock. 
The second type of sidehill fill method, where the waste rock material is dumped near the 
edge of the waste dump and then pushed with the help of dozer to let the material roll 
down from the crest of the dump is called short-dumping, plug-dumping, back dumping or 
butt dumping (Camm T. W., 2000, p. 2). This type of dumping is mostly employed when 
cracks and subsidence is observed near the crest of the dump. Back dumping in Vietnam 
is shown in Figure 11. 
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Figure 11: Back dumping of waste rock. 
The construction of mine waste rock dump with the sidehill fill method generates slopes 
of the dump at material’s angle of repose. The rolling and sliding of waste rock material at 
the face results in the classification of particles according to the size where the smaller 
particles reside in the upper parts of the dump while the larger particles roll down up to 
the toe of the dump. The layers of particles are formed parallel to the dump face and the 
coarse particles are enclosed in fine particles with the advancement of the dump face. 
This forms the particular zone with coarse particles gathered near the bottom of the 
dump. The coarse particles contain pores where water can easily flow (Campbell, 1985, 
p. 147). The waste rock particles configuration within sidehill fill dumping is shown in 
Figure 12. 
 
Figure 12: Sidehill fill dumping structure according to (Wilson, 2000). 
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3.1 Potential Issues with Sidehill Fill Dumping 
In the past, sidehill fill dumping resulted in several environmental and stabilisation 
problems. There have been a large number of dump failures moving material over a large 
distance which resulted in the problems of unnecessary material handling for mining 
companies. Sidehill fill dumping method causes problems like erosion, ground 
settlements and cracks which hinders the efforts of rehabilitation as well as the 
requirement of resloping for vegetation purposes, thus, increasing the operational costs. 
The dumping as sidehill fill can also result in environmental problems like ARD. The next 
section presents the potential issues with sidehill fill based on real cases in the past and 
present. 
3.1.1 Slope Stability at Sidehill Fill Dumps 
The slope stability of a dump in general is governed by a variety of factors, such as: 
 Dump site topography 
 Dump construction method 
 Geotechnical material characteristics of foundation and waste rock 
 External factors like rain 
 Rate of advance 
In sidehill fill dumping method, the material forms the dump face with slope at equal or 
nearly equal to the angle of repose of material. The factor of safety1 for the slopes is 
nearly “1” in majority of the cases which means that the stabilisation and destabilisation 
forces are equal (Bohnet & Kunze, 1990, pp. 487-488). As the forces at slopes are at 
equilibrium, small addition of destabilising force (like high pore water pressure due to 
rainfall) can result in slope failure. Many dump failures have thus been recorded in the 
world with the sidehill fill construction methodology and the failures have resulted in up to 
2 km run-out distances of waste rock material movement. The waste rock dump failure 
can in such cases, be a source of environmental damage and it can endanger the 
workers, operating equipment and working facilities (Moffitt, 2000). 
                                            
1
 Factor of Safety (FoS) is ratio between stabilising forces of shear strength (particles cohesion) and 
destabilising forces of shear stress (gravity). If FoS is more than 1 slope is stable as stabilising forces are 
higher than destabilising forces. For FoS less than one stabilising forces are less than destabilising forces 
and slope is unstable (Hunt, 2005, p. 756). 
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In 1990/91, a study to review the dump designing practices in British Columbia (B.C.) 
was carried out by Piteau Associates Engineering Ltd. on behalf of B.C. Mine Dump 
Committee (BCMDC) under the sponsorship of B.C. Ministry of Energy, Mines and 
Petroleum Resources (MEMPR). The main aim of the study was to develop the guiding 
principles for mine waste rock dumps in B.C. A part of study consisted of the review of 
mine waste dumps in the active mines in B.C. One of the purposes of the survey was to 
collect the information about design and history of the mine waste dumps. The survey 
gathered information of about 83 mine waste rock dumps out of which 61 dumps were 
constructed using sidehill fill dumping method. The summary of six open-pit coal mine 
waste dumps2 that were constructed as sidehill fill is presented in Table 1. The table 
shows the stability record and run-out distances of up to 1.2 km after failures of the 
sidehill fill dumps (Eaton, 2005). 
Table 1: Sidehill fill dumps in B.C. and stability records according to (Eaton, 2005). 
Mine
Waste dump 
name
Type of dump
Incidence of 
instability
Perceived cause of instability
Run-out 
(m)
Fording
South Spoil 
Stage 1
Sidehill fill 
Ultimately Benched
Nov 89 
2,500,000 m³
Failure within colluvium beneath 
toe wedge
1,200
Balmer Erickson
Sidehill fill 
Unbenched
Jun 82  
750,000 m³
975
Greenhills
2158-Hawk 
Pit
Sidehill fill 
Unbenched
Mar 83 Wet waste, no toe support 700
Greenhills East 2200
Sidehill fill    
Benched
May 83 High pore pressure 280
Balmer
A29E      
North + South
Sidehill fill 
Ultimately Benched
Jun 89 
350,000m³
High dump rate, Wet waste, 
Heavy precipitation
183
Coal 
Mountain
West
Sidehill fill    
Benched
May 90 
Failure
High dump rate 75
 
It can be concluded from the table that the slope stability of sidehill fill can be critical and 
needs special consideration. In case, the slope is unstable and the failure results in 
material movement, the situation can be problematic for a mining company. Dump failure 
can result in the disruption of normal mining operations as the equipment and staff is 
required for unplanned waste rock material handling. The rehandling of waste rock 
material moved due to slope failure results in extra financial burden. 
The only option to stabilise the dump face is either during the final stages of dump 
construction or at the sections where dumping has already been completed. The stability 
                                            
2
 As the focus of the present work is open-pit coal waste rock dumping in Vietnam, the six dumps have 
been selected as they are coal waste rock dumps similar to that of dumps in Vietnam. 
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situation within sidehill fill dumping can be improved using earth-moving equipment which 
flattens the relatively steep slopes once the dumping has been completed in a particular 
region (Bohnet & Kunze, 1990, p. 486). 
3.1.2 Risk of Accidents 
Dumping near the crest of waste rock dumps with relatively large heights, as in the case 
of sidehill fill, involves risk of accidents for the dumping trucks. There are several factors 
which can endanger the haulage truck’s operations during waste rock dumping. The 
potential hazard of accident is a function of parameters like: 
 Dump site configuration 
 Stability situation at the dump 
 Performance of the haulage trucks 
 Equipment operator skills 
 Visibility conditions at site 
 Climatic factors like rain (Turin, et al., 2001, p. 2). 
According to the data collected at the Mine Safety and Health Administration (MSHA) in 
the United States of America, the total number of accidents with serious injuries3 at 
surface mines was 79,601 from 1988 to 1997. The 79,601 serious injuries incidents 
involved 619 fatalities. Out of the total serious injuries and fatalities, there were 344 
serious injuries and 26 fatalities related to the trucks operating near the edge of the dump 
sites during the study period. The amount of serious injuries was only 2% of the total 
quantity but the percentage is quite high (10%) in case of fatalities. The serious injuries 
however resulted in the off-time of injured workers for longer time periods. For haulage 
truck operations, the percentages of incidents at the edge of dump responsible for 
serious injuries and fatalities were as follows: 
 During dumping or backing up of the truck, there were 90% (335 out of 370) of 
the serious injuries 
 Trucks rolling down from the crest of dump were responsible for 37% (137 from 
370) serious injuries as well as 85% (22 out of 26) fatalities 
                                            
3
 According to (Turin, et al., 2001, p. 2) serious injury involves an incident which results in a fatality or lost 
time injury. 
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 A mixture of haulage truck backing up and rolling down the crest resulted in 26% 
(95 from 370) of the serious injuries and 73% (19 out of 26) fatalities (Turin, et 
al., 2001, pp. 1-6). 
The above data indicates that there is a high risk of injuries and fatalities that can occur 
at sidehill fill dumps. The injuries result in the lost working days disturbing the working 
plans of a company. In addition, the incidents resulting in injuries and fatalities are also 
responsible for a high amount of compensation that a company has to pay to the 
workers. Thus, the sidehill fill dumping can be regarded as a practice with relatively high 
risk of accidents and unplanned financial expenditures. 
3.1.3 Internal Drainage within Sidehill Fill Dumps 
The flow of water and hydraulic properties of sidehill fill waste dumped material have 
been investigated at Golden Sunlight Mine. Around 15 Mt of the waste rock material - 
mostly composed of shale and intrusive rock - was dumped at the site in 1994 with an 
angle of repose of 38°. For the waste dump, a flow model was proposed by Herasymuik 
(Herasymuik, 1996). According to the model, waste rock embankment, which is 
unsaturated, has a negative pore water pressure. The coarse particle layers having large 
voids in-between allow the free movement of gases, vapour and oxygen. Under the 
negative pore water pressure, layers of the fine grained particles can preserve a high 
amount of water acting as a favoured water flow pathway as compared to the coarse 
particle layers where water flows at relatively faster rate during infiltration events. The 
presence of water within the fine grained particles can result in several problems at mine 
waste rock dumps. The coarse particles at the bottom of the dump, however, allow 
beneficial basal drainage. The water movement phenomenon for the fine and coarse 
layers of the particles has been proved by saturated and unsaturated seepage modelling 
(Wilson, 2000, pp. 305-306). 
The presence of water in the fine grained particles contributes to the development as well 
as the increase of the pore water pressure within the dump. An increase in the pore 
water pressure can enhance the destabilising forces resulting in a slope failure. For 
example, the high pore water pressure is considered to be the reason for dump failure of 
South Field Mine in Greece (Steiakakis, Kavouridis, & Monopolis, 2008, p. 278). It also 
influences the oxidation of particles. In the presence of sulphur and other components in 
the waste dump, water acts as an important source of ARD generation. Water movement 
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can result in the breakage of the particles and change their size which is one of the 
possible sources of ground settlements. 
3.1.4 Acid Rock Drainage 
Acid rock drainage (ARD) generation is one of the major environmental contamination 
problems with mining. The ARD process generates the acidic waters which can 
contaminate the soil, surface and ground waters posing a risk of hazardous impacts on 
flora and fauna as well as on human beings. The generation of ARD normally starts with 
the reaction of pyrites with atmospheric oxygen and water. The reaction produces a 
hydrogen ion as shown in Equation 3.1. The presence of oxygen results in the further 
reaction of iron (Fe+2) to release iron (Fe+3) and water as shown in Equation 3.2. The 
resulting iron (Fe+3) then further reacts with the water to produce orange and red 
coloured products. Also it reacts again with pyrite and results in a further production of 
iron (Fe+2) and hydrogen ions i.e. acidity (Costello, 2003, pp. 3-4). 
  (3.1) 
  (3.2) 
  (3.3) 
  (3.4) 
In sidehill fill dumping, there is a segregation of particles where larger particles moves at 
the bottom while smaller particles stay at the top (see Figure 12). The coarse particles 
have lots of pores for the flow of oxygen and water. The rain water seeps inside the 
dump through available surface cracks. Water presence inside the dump influences the 
oxidation of reacting components of the waste rock. In the presence of sulphur and 
certain metals in the waste rock, the reaction with oxygen and water can generate ARD 
within sidehill fill dumps (Martens, et al., 2011, p. 203). 
For the assessment of the contaminant discharge from waste rock dumps into the ground 
and surface waters, an investigation campaign was carried out within the RAME project 
at Chinh Bac waste rock dump in Vietnam for identification of the amount of major and 
trace components present in the water in August 2008. 23 water samples were collected 
and analysed and the results are shown in Figure 13. 
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Figure 13: Results of surface water analysis from Chinh Bac and pit lakes nearby. 
The majority of the seepage and pit lakes water samples indicated low pH as well as high 
concentrations of heavy metals like zinc and nickel. Water samples in low pH and high 
metal concentration are classified “High-Acid/Extreme Metal” according to the acid mine 
waters classification (Plumlee, et al., 1999). 
The results reflect the effect of sidehill fill dumping technique on water balance of the 
area. It can be observed that the sidehill fill dumping poses high risk of ARD generation 
which is the major environmental degradation problem faced by the mining industry. 
Therefore sidehill fill method cannot be regarded as environmentally friendly disposal 
practice. The treatment or prevention of ARD is sometimes a legal obligation and 
requires financial resources from the mining company. 
3.1.5 Erosion 
According to the New World Dictionary the meaning of erosion is “to wear away”. Erosion 
can be caused by agents like wind, water, gravity and ice. Depending on its rate, erosion 
can be categorised as either sheet (shallow) or gully (deep). 
Under the impact of the water, erosion occurring at waste rock dump can be of sheet, rill 
and gully types. “Sheet” erosion occurs when a relatively small amount of particles 
moves downwards over the surface of the slope due to the loss of cohesion of the waste 
rock particles. The rill type of erosion occurs when fine and relatively less cohesive dump 
particles move down along with water movement forming the channels of a maximum 
depth of 300 mm. 
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Furthermore, several rills can connect and along with the movement of water and small 
particles, form larger channels where coarse particles also move down the slope. These 
large channels having the depth of more than 300 mm are termed as gullies (Renteria, 
2000, p. 323). 
Mine waste rock dumping as sidehill fill generates slopes nearly equal to the material’s 
angle of repose. The final angle of repose of the material needs special consideration for 
erosion protection, as at the angle of repose, the particles stay in equilibrium. Rainfall 
events result in water flow which runs over the dump slope surfaces enhancing the 
disturbance forces which result in erosion. Although, the presence of coarse particles in 
the bottom of a dump can prevent erosion at higher flow rates and slope gradients, there 
can however be situations where larger sized proportion is missing because of the 
excavation practice at mine or weathering of the larger sized particles (Renteria, 2000, 
pp. 323-324). An example of sidehill fill dumped waste rock material leading to visible 
erosion at Chinh Bac is shown in Figure 14. 
 
Figure 14: Erosion losses at fresh dumped waste rock. 
For preventing erosion at sidehill fill waste rock dumps, the following measures can 
generally be taken: 
 Construction of berms at the face which reduces the speed of water flow over 
slope surface 
 Directing the water flow on the other direction rather than slope surface 
 Reduction of the slope gradient to 1:3 where stability of structure increases for 
majority of the materials 
 Proper drainage plan which is not affected by the future ground settlements 
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 Diversion of the water 
 Reshaping of the slope creating benches (Renteria, 2000, pp. 324-327). 
3.1.6 Area Requirements 
The excavation of minerals can result in the potential land use conflicts. An example is 
Quang Ninh Province in Vietnam where about 80% of the area consists of highlands. 
Natural resources such as water bodies, soil and vegetation are currently competing 
against a variety of rapidly expanding human usages such as urban settlements, 
industrialised zones, tourism and mining on the remaining 20% of the area. The land use 
in Ha Long area of Quang Ninh Province is shown in Figure 15. An increased amount of 
area required for mine waste dumping can result in difficulties for the mining company to 
carry out further dumping operations and thus mining operations in general. 
In sidehill fill dumping, the external compaction from operating machinery is achieved in 
the upper parts of the dump only as shown in Figure 12. As higher compaction means 
more mass per unit volume, only upper parts of the dump hold relatively high compacted 
material than the lower parts (see Figure 12). Due to the dumping nature, no external 
compaction can be achieved with operating weight of machinery in the internal parts of a 
waste rock dump. The major internal portions of the dump thus contain less mass due to 
relatively less compaction. The waste rock dumping method, therefore, does not offer the 
possibility of higher material in a given space and can result in the problem for situations 
where the area for dumping is limited. 
 
Figure 15: Land use in Ha Long Bay of Quang Ninh Province. 
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3.1.7 Ground Settlements 
Ground settlements and cracks can result in problems for rehabilitation of the waste rock 
dumps and usually occur due to the factors like: 
 Readjustment of the waste rock dump particles 
 Movement of the fine fraction of the waste rock material in the pores available 
inside the dump 
 Weight of the dumping material in upper parts compacting the lower portions 
 Groundwater which reduces the cohesion of the particles 
 Weathering of certain materials like clay due to weather changes 
Ground settlements can be considered as consisting of three parts i.e. primary, creep 
and collapse settlement. The first two components of the total ground settlements 
decrease over time. The third component - collapse settlement - probably occurs 
because of the saturation due to a rise of water level inside dump and weathering of the 
waste rock particles which reduces the particle strength. Collapse settlement can be of 
particular interest in regard to the problems when the mine waste is dumped without prior 
compaction (Williams, 2000, p. 278). 
As internal portions of sidehill fill dumping structure are not constructed with external 
compaction, major ground settlements occur at the dumps surface. The impacts of 
ground settlements can be observed on the entire surface of the Chinh Bac waste rock 
dump in Vietnam (Figure 16). 
 
Figure 16: Cracks at the top of dump resulting from ground settlements. 
Ground settlements at Chinh Bac waste rock dump can be attributed to the sidehill fill 
dumping method. Most of the dump is only compacted through the self-weight of the 
36 Sidehill Fill Dumping Practice 
 
superjacent material and thus possesses a decreasing density with increasing depths. A 
higher compaction of a thin layer of waste rock at the upper dump surface is achieved 
through the weight of the traversing hauling trucks (see Figure 12). 
The distribution of density over depth was determined within the RAME project in the 
upper parts of the dump through density measurements in trial pits. The measurements 
were carried out in-situ with the Water Replacement Method (Braja, 2011, pp. 10-66) at 
various depths due to the size range of the dump material found. As shown in Table 2, 
the results range from high densities of up to 2.31 g/cm³ at the uppermost level of the 
dump to lower value of 1.97 g/cm³ at a depth of 3 m (Martens, et al., 2010, p. 308). 
Table 2: Results of in-situ density measurements tests with water replacement method. 
Depth 
(m)
Density 
(g/cm³)
Water content 
(%)
Dry density 
(g/cm³)
Porocity 
(-)
Saturation 
(-)
0.00 2.31 6.90 2.16 0.18 0.81
1.00 2.19 6.23 2.06 0.21 0.60
2.00 2.06 6.28 1.94 0.27 0.45
3.00 1.97 5.24 1.87 0.29 0.34  
Another example of ground settlements at loosely dumped waste material is of Kidston 
Gold Mines where waste rock material was dumped in an open-pit with a depth of 260 m. 
The mine site is located in the north-eastern Queensland, Australia. Mine waste rock 
from open-pit mines was dumped over from the sides of the open-pit. There were ground 
settlements of up to 4 m from 260 m overall height of the dump. The ground settlements 
of 1 to 2 m in some parts resulted in the benches at the top surface of backfilled open-pit. 
A schematic, general development of ground settlements over time is shown in Figure 
17. 
 
Figure 17: Ground settlements with time for open-pit backfilling (Williams, 2000). 
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The figure shows the ground settlements for the open-pits in Midlands coalfields of 
England which were backfilled with mine waste rock (Williams, 2000, p. 278). Clearly, the 
compacted mine waste rock has lower ground settlement than the non-compacted one. 
3.1.8 Dump Fires 
Coal mine waste rock dumps containing coal can be a potential source of spontaneous 
combustion. The factors responsible for the phenomenon can be: 
 Coal oxidation through atmospheric oxygen along with assimilation and removal 
of moisture 
 Dissemination of oxygen and moisture inside the dump 
 Release of heat from sites with higher temperatures resulting in the transmission 
of heat and combustion 
A waste rock dump containing coal which is operated without compaction (like sidehill fill 
where only upper parts are compacted) and showing cracks can be considered prone to 
smouldering and burning sections. The encapsulation of the waste rock dump to prevent 
the dump fires can generally be considered cost-intensive. 
An example is Greenside Colliery located in the east of Johannesburg in South Africa. 
The dump has been in operation since 1946 and covers an area of approximately 
158 acres. Gold Fields planned to invest an amount of nearly US$ 58M in 1994 for 
sealing the dump for avoiding the problems like dump fires. After research, the company 
decided to dump the waste rock in the form of layers with a thickness of 400 mm. The 
process was followed by levelling and the layers were compacted using smooth drum 
vibratory compactors. The layered dumping along with compaction was implemented to 
decrease the probability of dump fires and release of smoke and gases. Another 
expected benefit was the prevention of pollution from seepage. The later on grassing of 
the dump would enhance the aesthetics of the area (Anon., Mining Engineering, 1994, 
pp. 654-655). 
3.1.9 Resloping for Vegetation 
Sidehill fill dumping can result in problems in situations where vegetation is required for 
rehabilitation. Typical slope angles for sidehill fill dumped waste rock might not be 
suitable for vegetation and there is no control over the slope angles. The slope angles 
are generally too steep and cannot hold the topsoil over entire slope surface for 
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vegetation purposes. Therefore, for rehabilitation, the need for resloping can arise at the 
dump site resulting in increased costs for rehabilitation purposes. 
An example of resloping is from Fording River Operations in British Columbia where the 
typical slope angles for the dump face were up to 37°. The dump faces required a 
reduction of overall slope angles from 37° through resloping with dozer operations to 
angles which were more suitable for vegetation. The material was dozed from the top for 
reducing the face angles to 28°. The resloping process was completed with costs of 
14,157 $/ha (Berdusco & Lane, 1985, pp. 45-48). 
For Chinh Bac waste rock dump, a 3D model has been developed to assess the overall 
slope angles in various regions of the dump (shown in Figure 18). The majority of slope 
angles are more than 35° in the dumping area and can go up to a value of 50° in some 
areas. The slope angles can be considered not suitable for vegetation and rehabilitations 
purposes. Thus, VINACOMIN4 plans to construct benches within the slopes of Chinh Bac 
waste rock dump to enhance the rehabilitation activities. 
 
Figure 18: 3D model of Chinh Bac dump, Vietnam in SURPAC
TM
. 
                                            
4
 Vietnam National Coal Minerals Industries Holding Corporation Limited (VINACOMIN) is a state owned 
company and controls more than 95% of Vietnamese mining. RAME project is cooperation between 
German universities and companies from German side and VINACOMIN with its subsidiaries from 
Vietnamese side. 
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4 Mine Waste Rock Dumping in Layers 
Mine waste rock dumping in the form of lifts, benches or layers is already known in 
principle and is frequently practiced at mine waste rock dumps especially from 
underground coal mines. The structures formed by the compaction in the layers have 
also been used for the construction of embankment fills. The usual practice for dumping 
in layers is to place material with the trucks which is then levelled by the dozer and finally 
compacted with the vibratory rollers as shown in Figure 19. The dump construction 
proceeds from the bottom upwards. 
 
Figure 19: Placing, levelling and compacting mine waste rock in layers (Breitenbach, 2003). 
Examples of the waste rock dumping in layers involve mine waste rocks dumps in Ruhr 
area of Germany where material is placed with the layered dumping method (see Figure 
20). Layers of waste rock are compacted under the impact of loaded trucks and vibratory 
rollers resulting in a compaction ratio of 1 m³ = 2 tons (Schulz, 1996, p. 93). 
 
Figure 20: Layered construction of Auguste Victoria waste rock dump in Germany. 
Other examples of mine waste rock placed and compacted in layers are tailing dams and 
water storage structures constructed in the USA (Breitenbach, 2003). Layered dumping 
40 Mine Waste Rock Dumping in Layers 
 
concept has also been implemented at Chinh Bac waste rock dump in Vietnam with the 
open-pit mine waste rock under local conditions with the layer heights of two and four 
metres (see details in Subchapter 6.5). 
4.1 Operational Variables for Layered Dumping 
The various operational variables within layered dumping are the layer height, levelling, 
moisture and compacting equipment. 
4.1.1 Layer Height 
The applied layer height depends mainly on the maximum size of particles within waste 
material to be dumped and the type of equipment used for the compaction which in turn 
affects the compaction height within layers. The layer is supposed to accommodate the 
maximum sized rock on the two third of the total layer’s height. This is because the 
particles with size more than the two third of layer height can hamper the compaction 
operation when they are at the upper surface of layer. The optimum height of layers 
varies, in principle, from site to site. For the Ruhr area in Germany, the layer height 
varies from 0.5 m to 4 m (Schulz, 1996, p. 93). 
For tailings dam in cities (like Nevada, California and South Dakota) of the USA, the 
recommended optimum layer height lies in the range from 0.5 up to 0.8 m. The reason is 
that the effective compaction can only be achieved at these heights with 10 to 20 ton 
steel drum rollers employed for the construction (Breitenbach, 2003). 
4.1.2 Levelling 
The dumped waste rock material is usually levelled by the dozers. The levelling with 
dozer ensures that the required optimum layer height is achieved. In addition, the layers 
are partly compacted due to the dozer weight. The dozer work can also impact the height 
of layers in terms of economics. It is usually assumed that lower layer heights require a 
higher amount of levelling work. The higher dozer work within the lower dumping heights 
is acceptable for situations where a higher compaction is required. 
4.1.3 Moisture 
The waste rock’s moisture content impacts the compaction of waste rock within layers. 
For better compaction, the material should not contain relatively large amount of moisture 
contents. On the other hand, it should also not be dry. The reason is that the binding 
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forces between consecutive layers increase when the lower layers contain sufficient 
moisture. Compaction results with specific moisture contents will be better as compared 
to the case when both layers are dry. On the other hand, if the material in layers is overly 
wet, the compaction forces of vibratory rollers are absorbed due the wetting of layers. 
Therefore, a sufficient amount of wetting is recommended over a layer before placing the 
new layer with compaction to follow (Breitenbach, 2003). 
4.1.4 Compactor and Number of Passes 
Compaction is the most important and beneficial phenomenon for waste rock dumping in 
layers. Initial compaction is achieved when mine waste rock is dumped by the trucks in 
the layers and levelled by the dozer. The operating weight of equipment results in 
preliminary compaction of the waste rock material (Dortmann, 1995, p. 5). When rollers 
can be utilised, the vibratory roller movement over the layers constitutes the afterward 
compaction. The compactor’s impact on the layers varies from material to material. Other 
important factors can be compactor’s manoeuvrability. Based on the experience the 
optimum compaction at various tailings dam sites in cities (like Nevada, California and 
South Dakota) of USA, is achieved with the vibratory rollers with a speed of 3.2 km/h and 
static drum weight of 8 tons (Breitenbach, 2003). 
4.2 Potential Benefits 
In contrast to the waste rock dumping with sidehill fill method, layered dumping is 
considered to offer many advantages mainly due to the compaction, which will be 
presented in the following subchapters in detail. 
Due to compaction the entry of water and gases is minimised inside the waste rock 
structures. The compaction also enhances the material shear parameters from the 
stability point of view because of increase in the material density. The structures 
constructed are generally considered to be more stable than the sidehill fill dumping 
structures. Relatively more material can be placed within the defined space due to the 
higher compaction as contrast to sidehill fill where major internal portions are not 
compacted with the truck or roller. 
4.2.1 Ground Water Pollution Prevention 
Seepage of water through waste rock dump can be reduced when the waste rock is 
dumped in layers along with compaction. The reason is that the compaction from 
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operating weight of the haulage trucks results in the formation of the relative 
impermeable portions for the water movement at upper levels of each layer (Brodie, 
Banta, & Skermer, 1992, p. 30). The waste rock compaction in layers lowers the amount 
of seepage flow through dump body not only during active dumping phase but also after 
the rehabilitation of the dump (Taylor & Kruger, 1986, p. 130). 
The lower dump permeability results in reduction of the transportation of contaminating 
components from the dump into the groundwater (Schulz, 1996, p. 93). The reduction of 
water and oxygen penetration of coal mine waste dumps, where sulphur and other 
contents for ARD are available, will reduce the chances of ARD generation and thus 
contamination hazards to the groundwater. 
4.2.2 Spontaneous Combustion Control 
Layered mine waste rock dumping with the subsequent compaction reduces the entry of 
oxygen inside the dump, as a high compaction restricts the gas movement due to a 
decreased permeability. A minimised oxygen amount within a coal mine waste dump 
reduces the risk of spontaneous dump fires even though there is relatively high amount 
of coal contents within the waste (Schulz, 1996, p. 93). The prevention of spontaneous 
combustion can, thus, be achieved with compaction in layered dumping. 
Based on the higher burning components inside waste rock, sometimes higher 
compaction is required for the spontaneous combustion prevention. This can be 
accomplished with the dumping in layers of lower heights. An example is the Greenside 
Colliery in South Africa where waste rock has been dumped in the layers of 400 mm and 
then compacted with the drum vibratory compactors (Anon., Mining Engineering, 1994, 
pp. 654-655). 
4.2.3 Stabilisation Improvement 
A higher compaction increases density of the waste material especially in the upper 
levels of layers, and has a positive effect on the material’s shear parameters. Improved 
shear parameters of waste rock material result in an increase in the stability of slopes 
(Fuchsschwanz, 2010, p. 321). The risk of sliding is, therefore, minimised with layered 
form of dumping. 
The entry of water inside the dump body can result in an increased pore water pressure 
which in turn reduces the stability of the structure (Bohnet & Kunze, 1990, p. 488). Thus, 
by preventing the water from penetrating the dump through compaction at upper levels of 
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lifts in layered dumping, stability factor will increase enhancing the overall stability of the 
dump. With improved overall stability, the possibility of dump failure is reduced within 
layered dumping. One of the major benefits with the reduced dump failure risks will be a 
minimised probability of material rehandling. 
4.2.4 Fewer Ground Settlements 
Mine waste rock dumping in compacted layers result in fewer ground settlements within 
the final dump structure (Fuchsschwanz, 2010, p. 320). The reason is that the compacted 
portions of the layers minimise the sources of ground settlements. The following causes 
of the ground settlements are reduced with compacted layered dumping: 
 Readjustment of waste rock particles 
 Movement of groundwater inside the dump due to relatively reduced permeability 
 Weathering of clay particles because of less water movement 
The higher compaction reduces the amount of post construction settlements and ensures 
the long term dump stability of the dump profile. Fewer ground settlements as a result of 
compaction have been depicted in Figure 17 which shows the difference in ground 
settlements behaviour between compacted and uncompacted waste rock. Furthermore, 
lower ground settlements can contribute to facilitate rehabilitation works. 
4.2.5 Erosion Reduction 
Waste rock dumping in layers reduces internal erosion of the dump structure. The reason 
is reduced permeability due to the compaction which minimises the movement of water 
inside the dump body. Layered dumping can also contribute to reduce the surface 
erosion as it offers a higher flexibility concerning the dump profiles. In layered dumping, 
berms can easily be left which reduce the overflow of water minimising the risk of 
erosion. Reduced erosion decreases the amount of material movement from the slopes. 
In contrast, if the water transports waste rock material towards the bottom of slope, it can 
be problematic. Sometimes the material has to be transported back to the top of the 
dump as in case of Vietnam. At Nui Beo dump site in Vietnam, a dam was constructed to 
collect the material washed away from the dump during the rainy season (shown in 
Figure 21). The material is continuously transported back to the dump top in the dry 
season. The practice involves extra costs in the form of rehandling of waste rock 
material. 
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Figure 21: Material movement as result of erosion. 
4.2.6 Area Requirements 
The results of tests carried out at layered dumping in Chinh Bac waste rock dump 
Vietnam have demonstrated a higher density at the upper levels of layers due to the 
higher compaction (shown in Table 2). Due to a higher density, relatively more mass can 
be dumped with the layered dumping practice in comparison to the sidehill fill method. As 
the compaction effect from haulage equipment is higher at the upper levels of the layers, 
thin layers can accommodate more mass per unit volume. 
The application of layered dumping practice can contribute to mitigate the problems of 
limited available dumping space. In Vietnam, open-pit coal mine sites of NBCC are 
located near an environmentally sensitive area of Ha Long Bay. The priority of 
government is to let the mining companies utilise less space for the dumping. Layered 
dumping where relatively higher material can be placed in a given space, can resolve the 
area requirement problems. 
4.2.7 Concurrent Rehabilitation 
Layered dumping offers flexibility with designing as the berms of required size can be left 
at predefined dumping heights. Due to this flexibility, rehabilitation operations can be 
conducted at the same time while a dump is being constructed. The lower outer dump 
portions can be rehabilitated once dumping finishes up to designed bench height. At the 
same time the dumping operations continue on the upper portions. Concurrent 
rehabilitation is also supported by the fact that no resloping is necessary, for example, for 
the plantation works at the dump site. The compaction of waste dump material results in 
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an improved base for the spreading of topsoil for rehabilitation purposes (Sciulli, Ballock, 
& Wu, 1987, p. 182). 
Figure 22 shows a cross section of the test dumping area of Chinh Bac site where 2 m 
wide berms were left at a bench height of 8 m (details of test dumping are in 
Subchapter 6.5). The berms left in the slopes can be used for simultaneous vegetation. 
 
Figure 22: Cross section of test dumping in layers at Chinh Bac. 
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5 Economics of Mining and Waste Rock Dumping 
One of the major aims during mining is to get minerals with economically optimised 
operations in most of cases. In order to achieve the goal of economical mining 
operations, cost data and estimates are required. Cost estimations also play a major role 
in the important decision making processes during several stages of mining. 
Waste rock dumping is usually a major activity in mining - especially in open-pit mines - 
and its economics based on precise planning can reduce overall mining operational 
costs. 
5.1 Cost Estimations 
The significance of cost estimations during various stages of mining is elaborated below. 
5.1.1 Exploration Decision Making 
Thorough cost estimation is often not required during early exploration, as the major aim 
of early exploration stage is the identification of the deposit structure. Some cost 
estimates are, however, required to forecast the benefits of further exploration. 
Sometimes, companies are interested in finding the possible revenues after the cost for a 
particular deposit extraction during early exploration and, therefore, preliminary cost 
estimates are carried out during early stages. Cost estimates can also help in deciding 
the orientation of additional exploration activities. Based on initial exploration and cost 
estimates of reserve, further detailed exploration can focus either on increasing the ore 
reserve or exploring the higher grades ore. 
5.1.2 Resource Analysis and Open-pit Planning 
Resource or reserve estimation is carried out based on the determined cut-off grades of 
the deposit content. The cut-off grades also determine the classification of ore (high 
grade material) and waste (low grade material). The waste and ore amounts are normally 
calculated through cross sections of the deposit or block modelling during open-pit 
planning. For these calculation methods, the costs estimations for the ore extraction and 
waste rock handling play the most important role in deciding the final shape and ultimate 
pit limits. Reasonable cost estimates are, therefore, necessary for deposit evaluations. In 
addition cost estimations are incorporated in selecting the waste rock dumping location. 
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5.1.3 Development Decisions 
Several decisions before and during mine development are made, based on the cost 
estimations. Mining methods are determined on the base of costs of its operations. 
Similarly, the cost estimations are considered while deciding the operations within mines 
when several alternatives are available. For example, if the choice of entry of an 
underground mine is either adit or shaft, cost estimations are incorporated in deciding the 
best option. 
5.1.4 Financing 
Cost estimation is a prerequisite for financing a mining project. Economic analysis is 
carried out for the companies which have to finance their projects with money from 
banks, stock funds or investors. The cost estimation is a significant part of the overall 
financial analysis of a project. 
5.1.5 Acquisition Decisions 
The estimation of costs of mining is one of the main factors for the acquisition decisions. 
A comparison of the mine production costs for same metal, for example, helps a lot in the 
acquisition decisions (Schumacher, 2010). 
Various examples given above reflect the importance of cost estimations during various 
stages in mining. The estimations are required during entire mining process chain 
starting from exploration through to the development and post mining activities. Reliable 
cost estimations are necessary for the better decisions. Various cost estimations 
approaches are given in the next subsections. 
5.2 Cost Estimations in Mining 
There are several methods for estimating the costs of mining operations, most of which 
are similar to the cost estimation in other industries. However, the costs estimations in 
mining operations are challenging because of the complications. Some of the reasons for 
these challenges are given below: 
 The detailed costs of mining processes normally do not exist publically like other 
industries where substantial information can easily be accessed. 
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 Cost estimation is complex due to the site-specific mining factors like geology 
where use of working resources can be quite variable. The difference of 
materials and components utilisation complicates the generalisation of costs. 
 Sometimes mining projects are located in far-off areas and the remoteness costs 
can hardly be generalised for estimation purposes. 
 Costs may be confidential for mining companies especially due to the 
competitors. 
Four commonly used categories of cost estimation methods can be distinguished. A short 
description of each category is given in the next subsections. 
5.2.1 Rough Estimates 
Rough estimates normally apply the records of mining costs from previous projects. Total 
costs are divided by the functional units (e.g. US$ per ton of capacity per year). 
Alternatively linear relations between costs and production capacity – without further 
regard to specific data such as equipment cost or the extent of required management at 
operations – can be applied. Rough estimates can be used in the cases where no 
precise information is required like one for the preliminary assessment of mining costs. 
One example of the rough estimates is the application of the “Unit Cost Method” of 
Gentry and O’Neil (Gentry & O'Neil, 1984, pp. 103-150). The accuracy of the results 
through rough estimates is relatively low and can range between ± 35% to ± 50%. 
5.2.2 Statistical Methods 
Statistical cost methods consist of models that define relations between dependant and 
independent variables. Several cost estimation equations and graphs have been 
developed for mining operations in the past. Statistical cost equation can generally be of 
the following type, 
  (5.1) 
The left side of equation is a dependant variable and is a function of N (number of 
independent variables). Cost estimation equations of such types are also sometimes 
represented as linear regression lines. Examples of the cost models based on statistical 
methods include the equations developed by the United States Bureau of Mines (USBM). 
The equations are of the form, 
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  (5.2) 
In Equation 5.2, Y is the dependant variable and X is an independent variable while “a” 
and “b” are the constants. The values of the constants are estimated through the 
regression of X and Y. Based on the regression, several such equations have been 
established by USBM for capital costs, supply costs, labour and equipment costs for 
surface and underground mines. The equations can be used for an initial cost 
assessment. The possible drawback of such models is that the information base for the 
development of the correlations is not provided with the models. According to the USBM, 
the precision of the estimates is around ± 25% (Mutmansky, et al., 1992, pp. 2070-2071). 
As an example, equations of the cost model developed by Camm (Camm T. W., 1991) 
are given below. The cost model focuses on small open-pits with capacity from 1,000 to 
20,000 short tons per day and the main equipment used comprises front end loader, 
hydraulic excavator and diesel haul trucks. 
  (5.3) 
  (5.4) 
  (5.5) 
  (5.6) 
X is the open-pit mine capacity for ore and waste in short tons per day (Camm T. W., 
1991, p. 7). 
5.2.3 Accounting Cost Models 
Accounting cost models predict the costs detailed with cost categories. Various cost 
elements such as capital costs, labour costs, supply costs and power costs can be 
estimated separately and the estimations can be made for longer periods of times (more 
than one year) with discounted cash. Accounting cost estimation models for mining 
operations have been developed by USBM and require the preparation of a detailed mine 
plan. The models can provide cost estimates with an accuracy of ± 10%. The accuracy 
can, however, change due to the fact that labour productivity, for example, is difficult to 
predict for optimised cost estimation results (Mutmansky, et al., 1992, p. 2072). 
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5.2.4 Hybrid Models 
Mining costs can also be estimated using a combination of the statistical and accounting 
cost models. Hybrid models are usually used for the mining stages like exploration or 
prefeasibility stages (Mutmansky, et al., 1992, pp. 2072-2073). 
Among various components of mining costs, haulage costs can be as high as 60% of the 
overall mining costs. The economics of material transportation can, therefore, play an 
important role within the overall profitability of a mining company by reducing or 
increasing the overall project costs (Topal, Williams, & Zhang, 2009, p. 2). Normally, 
stripping ratios and cut-off grades result in relatively more waste removal and 
transportation requirements than the ore itself in an open-pit mine. Proper planning and 
construction of the waste rock dump sites with cost considerations can play a major role 
in the important decisions like future development of a mine. For example, the stripping 
ratio at open-pit mines of NBCC in Vietnam is 4 m³/t. The average density of the waste 
rock after blasting is 1.81 m³/t which results in the removal and transportation of about 
7 tonnes of the overburden per tonne of coal (RAME, 2011). The economical overburden 
and waste rock removal and transportation operations can, therefore, have significant 
impact on the decisions discussed earlier in this chapter. 
5.3 Cost Comparison for Waste Rock Dumping 
For the applied concept of waste rock dumping in layers at dump site in Vietnam (see 
Subchapter 6.5), economics of the dumping can be the most important aspect in 
comparison to the traditional sidehill fill dumping because it can be a major factor for the 
acceptability of the implementation of the new method. 
The overall dumping economics are based on certain assumptions. In general the major 
factors that govern the waste rock dump construction costs include: 
 Haulage costs for transportation from the mine to the dump site 
 Land acquisition costs 
The cost comparison of waste rock dumping methods has been conducted for the first 
cost factor i.e. the transportation of waste rock from the mine site to the dumping site. 
The second factor has been assumed as constant for both dumping methods because 
the addition will not change the net results in a comparison. The transportation can 
further be divided into two segments i.e. the transportation within the mine area and the 
transportation at the dumping site. The waste rock dump cost analysis has been done for 
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the operations at ramps and benches for both sidehill fill and layered dumping. Other 
factors like loading, transportation within the mine and operator’s efficiency have been 
neglected in this calculation, as they can be assumed constant for both cases with the 
same source of waste rock production and transportation. 
The approach used for cost calculation in both cases is shown in Figure 23. 
 
Figure 23: Cost calculation for the comparison. 
The process of cost comparison for both dumping methods is divided into four steps: 
1. At first, the dump profiles are developed for both sidehill fill and layered dumping. 
2. Distances travelled by the trucks at ramps and benches for both dump profiles 
are calculated. 
3. Truck working time is estimated through travelling distances and the truck speed 
for both dumping methods. 
4. Haulage truck capital and operating costs are calculated based on working time 
on benches and ramps while the costs of dozer are derived from working time 
measurements that have been conducted at the benches on-site in Vietnam. 
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by truck at ramps 
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Truck working 
time for dumping
Speed of truck
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5.3.1 Dump Profiles 
The dump profiles have been developed using blocks with the block volume equal to the 
volume of the average material amount transported by a single haulage truck. The trucks 
assumed for the modelling are CAT 773F which are employed for the transportation of 
the waste rock material on-site at NBCC mine site in Vietnam with an average trip 
volume of 30.32 m³. 
The assumed dump profiles for both sidehill fill and layered dumping are shown in Figure 
24. 
 
Figure 24: The dump profiles with blocks of fixed volume (sidehill fill on left, layers on right). 
Experience at the mine site in Vietnam has shown that a single dumping by the trucks 
results in a 3.66 m dumping material width as shown in Figure 25. The figure shows 
pattern of the waste material after dumping from the level 138 at a height of 4 metres. 
 
Figure 25: Width of dump after single dumping. 
The real dumping procedure results in a cone-shaped pile at the dump edge with a top 
diameter of 3.66 m (approximately equal to the truck bed width). For the means of the 
simplified referencing in the block model, a block shaped heap with a constant width of 
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3.66 m is assumed. Using the volume and height of single block, the lengths for various 
heights are given in Table 3. 
Table 3: Block dimensions with volume of 30.32 m³. 
Dumping height 
(m)
Width of block 
(m)
Length of block 
(m)
4 3.66 2.07
20 3.66 0.41
40 3.66 0.21
60 3.66 0.14
80 3.66 0.1  
This means, the model considers a length of 2.07 m for each block in layered dumping of 
4 m height while the length for a block in 20 m high sidehill fill dump is 0.41 m. 
5.3.2 Distance 
The distance covered by the trucks has been calculated for an ideal case where the 
trucks travel on exactly defined paths on benches and ramps for both sidehill fill and 
layered dumping. The truck operating efficiency is assumed 100% for both dumping 
practices as the study serves to compare the costs of the both dumping methods. For 
sidehill fill, the dump model consists of parallelepiped shaped blocks. The width-to-
height-to-depth ratios have been developed for the calculation of the distances at 
benches and ramps and are explained in detail in Appendix A. In the current section, only 
the resulting formulas are given. The formula developed for the calculation of distance at 
bench is as follows: 
 
Where 
w = Width of individual block 
l = Length of single block 
m = Number of blocks widthwise 
n = Number of blocks lengthwise 
Distance covered by trucks at ramps can be calculated as follows 
 
Where 
Economics of Mining and Waste Rock Dumping 55 
 
 
drh = Distance over ramp of sidehill fill dump 
nt = Number of trips 
For calculating the distances covered by trucks with layered (4 m high layers) dumping, 
the formula applied for distance travelled at layers is, 
 
Where 
nl = Total number of layers =  
nla = Number of blocks lengthwise in single layer 
mla = Number of blocks widthwise in one layer 
The total distance covered at the ramps is calculated by the summation of individual 
ramp distances for each layer of 4 m high bench as, 
 
Where 
nlt = Total number of blocks within one layer =  
= Sum of distances over all ramps in layered dumping 
5.3.3 Truck and Dozer Working Time 
The truck working time has been calculated by dividing over the distance travelled with 
maximum achievable speed at ramps and benches. Truck speeds depend on the 
available engine power, total resistance (see below) and truck loads. Truck 
manufacturers provide performance charts where the truck speeds can be assessed 
based on the load and available resistance. 
The total resistance for the truck consists of two parts, i.e. grade resistance and rolling 
resistance (Sweigard, 1992, p. 769). For the calculations of truck working time at the 
ramps, the grade resistance of 8% has been assumed for both sidehill fill and layered 
dumping as the optimum grades for truck performance are considered to lie between 7 
and 9% (Kaufman & Ault, 2011, p. 11). Rolling resistances for both dumping practices in 
Vietnam have been selected from Table 4 for the haulage truck operations at ramps and 
benches. The selected value range is highlighted in Table 4 and a selection criterion is 
explained in the next paragraph. 
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Table 4: Rolling resistance for various road situations (Hoskins & Green, 1977). 
High pressure tyres Low pressure tyres
Concrete or Asphalt 35 - 30 lbs/ton GVW 35 - 40 lbs/ton GVW
Smooth, hard, dry 
dirt or gravel - little 
or no penetration
40 lbs/ton GVW 40 lbs/ton GVW
Flexible dirt road, 
with loose material
70 - 90 lbs/ton GVW 60 - 80 lbs/ton GVW
Soft, rutted earth 125 - 250 lbs/ton GVW 100 - 200 lbs/ton GVW
Loose sand 250 - 275 lbs/ton GVW 200 - 240 lbs/ton GVW
Deep mud 300 - 450 lbs/ton GVW 250 - 400 lbs/ton GVW
Rolling resistance
Road surface
Note: GVW is Gross Vehicle Weight  
Based on the on-site observations, the values for the waste rock material (soft, rutted 
earth) have been assumed to range between loose sand and flexible dirt road with loose 
material. Low pressure tyre values have been selected for the truck tyres at the dump 
sites in Vietnam based on the observations. As 20 lbs/ton equals 10 kg/t which is further 
equal to 1% of rolling resistance (Anon., Caterpillar, 2010, p. 25), the values of rolling 
resistance in Table 5 are further represented in percentage. 
The sidehill fill method results in a relatively more compacted upper surface than the 
layered dumping because more trucks drive over small unit areas as the advance rate is 
less in horizontal direction, the rolling resistance has been assumed 5% as shown in 
Table 5. There is a relatively less compacted surface in layered dumping method 
compared to the sidehill fill and a rolling resistance of 7.5% has been selected. Based on 
the performance chart of Caterpillar CAT 773F with an empty weight of 45 t and loaded 
weight of 100 t the speeds are given in Table 5. 
Table 5: Speed at ramps and benches for sidehill fill and layered dumping method. 
Grade 
resistance 
(%)
Rolling 
resistance 
(%)
Total 
resistance 
(%)
Speed 
(km/h)
Grade 
resistance 
(%)
Rolling 
resistance 
(%)
Total 
resistance 
(%)
Speed 
(km/h)
Ramp 8 4 12 14 8 4 12 14
Bench 0 5 5 32 0 7.5 7.5 23
Ramp -8 4 -4 68 -8 4 -4 68
Bench 0 5 5 50 0 7.5 7.5 37
Return
Journey Section
LayersSidehill fill
Haul
 
The truck speeds and distances (see above) have been used to calculate the working 
times of trucks at both sidehill and layered dumping. Based on the interim measurements 
of working time in Vietnam, the dozer work at bench in the layered dumping has been 
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assumed six times (one min per truck trip) more than the work on bench in traditional 
sidehill fill dumping (for which the dozer working time per truck trip is 0.16 min per truck 
trip). The dozer is assumed to be permanently available on-site. 
Both capital and operating costs of equipment have been included in the further model 
development. The details of each cost component are provided in the next subsections. 
5.3.4 Cost Elements 
The costs related to mining equipment can be subdivided into the capital and operating 
costs (also: capital and operating expenditures - CapEx and OpEx). Estimates in terms of 
total cost, cost per hour or cost per ton have to consider both capital and operating costs 
(Burton A. K., 1976, p. 38). The costs depend on various factors like working conditions, 
local fuel prices as well as the operator’s skills. Actual mine working conditions and most 
reliable operation-specific data are, therefore, important for an appropriate cost 
assessment of the mining operations (Hays, 1990, pp. 686-687). 
Both capital and operating cost elements along with subcomponents of operating costs 
are shown in Figure 26. 
 
Figure 26: Costs of equipment during mining operations according to (InfoMine, 2006). 
5.3.4.1 Capital Costs 
Capital costs (also known as fixed or ownership costs) are the expenses to acquire 
equipment (Burton A. K., 1976, p. 38). Thus, these costs do not depend on the amount of 
actual machine work (Pflueger, 2005, p. 2). Capital costs include the purchase price 
along with the discount, the transportation costs to bring the machine to the operation as 
well as the machine installation costs. For estimation purposes, capital costs might differ 
from the actual costs. The reason can be a difference of one particular situation to 
another based on the factors mentioned in the next subsections. 
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Discount: The amount of discount that customers get from manufacturer can vary 
depending on the aspects such as the number of machines to be purchased and the 
market conditions in terms of specific model as well as competition. Higher amounts of 
discounts are offered when, for example, sale of a particular machinery model is less, 
market competition is high or a manufacturer enters in a new market of a particular 
region. The actual discount can vary from 5% up to 40% for equipments like power 
shovels, trucks and loaders (InfoMine, 2006). 
Transportation Costs: The transportation costs from manufacturer to the operation 
depend on several factors like the machine parts and taxes such as export and import 
duty in case of cross country transportation (Burton A. K., 1976, p. 38). 
Set-up Costs: The set-up or installation costs of machines differ based on the available 
labour and equipment for assembling. Set-up costs can range from 38% up to 145% for 
particular machines (InfoMine, 2006). 
As a whole, the capital costs are sum of purchase price, transportation costs and 
installation costs minus discount that the company gets from manufacturer. The capital 
costs are usually depreciated to determine the so-called capital recovery costs. 
Capital Recovery Costs 
These costs represent the expenses required for the replacement of a machine. Capital 
recovery costs can be calculated by dividing the capital cost by the estimated 
replacement life when salvage value of machine is zero as, 
  (5.7) 
The estimated replacement life is not a constant value - the value changes depending on 
the factors like machine application, working conditions on-site, operating practices and 
repair program (InfoMine, 2006). The estimated life of machines is usually affected by 
operating hours. For example, the operational time period of small mechanical trucks can 
vary from 20,000 to 30,000 hours (Hays, 1990, p. 687). 
Overhead Costs 
The indirect costs like record keeping and insurance which are connected with the 
ownership costs are being referred to as overhead costs. According to (InfoMine, 2006) 
the costs are the product of capital recovery costs and an empirical factor as, 
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  (5.8) 
As an example, the empirical factor for calculating the overhead costs of a 60 ton rear 
dump and rigid frame truck is 0.035 (InfoMine, 2006). 
5.3.4.2 Operating Costs 
Operating costs are variable costs depending on amount of machine utilisation. A higher 
machine usage results in higher operating costs (Pflueger, 2005, p. 2). The costs are 
independent from ownership costs and are mostly expressed on hourly basis. Operating 
costs are the sum of several components which are shown in Figure 26. 
The components of operating costs are usually estimated through formulas and 
information from previous completed or running mining operations. The estimates are 
generally more reliable if the data for operating cost evaluation is rather recent and from 
mining operations under similar local conditions. Operating costs vary over time and are 
generally country specific (Runge, 1998, p. 103). As an example, Figure 27 shows the 
composition of the operating costs for a 60 ton rear dump and rigid frame haulage truck 
with average working conditions according to (InfoMine, 2006). 
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Figure 27: Operating costs for a 60 ton rigid frame truck according to (InfoMine, 2006). 
The main components of operating costs are discussed in the next subsections. 
Overhaul Parts: The operating costs component include all of the expenses for the 
planned refurbishment of the parts of machines. The parts which require a systematic 
replacement include engines and transmissions as well as units like drives and support 
frame. For estimation purposes, the costs can be calculated using the empirical factors 
(InfoMine, 2006) as, 
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  (5.9) 
Where 
F = Empirical factor 
H = Operating hours 
As an example, the empirical factor for calculating the overhaul parts cost is 3.17x10-6 for 
a 60 ton rear dump and rigid frame haulage truck (capital cost US$ 714,400) for every 
operating hour according to (InfoMine, 2006). 
Overhaul Labour: For planned refurbishment, labour expenses are termed as overhaul 
labour costs. The costs can be calculated from empirical factors for systematic 
replacement as, 
  (5.10) 
Where 
F = Empirical factor 
L = Labour wages and benefits (hourly) 
As an example, the empirical factor for estimating the overhaul labour costs of 60 ton 
rear dump and rigid frame haulage truck is 0.04 when the hourly labour wages and 
benefits are US$ 27.66 (InfoMine, 2006). 
Maintenance Parts: The maintenance parts costs are the charges of unscheduled 
refurbishment and planned servicing of machinery components. The costs include the 
entire maintenance charges of the machine components except the expenses of 
overhaul parts, tyres, fuel, lubrication and maintenance of energy related parts. The 
component of operating costs can be calculated based on empirical factor as, 
  (5.11) 
Where 
F = Empirical factor 
H = Operating hours 
As an example, the empirical factor for calculating the maintenance parts costs for 60 ton 
rear dump and rigid frame haulage truck (capital cost US$ 714,400) is 5.89x10-6 for each 
operating hour according to (InfoMine, 2006). 
Economics of Mining and Waste Rock Dumping 61 
 
 
Maintenance Labour: The labour part of expenses for maintenance parts except 
overhaul labour costs is maintenance labour costs. The costs can be calculated as, 
  (5.12) 
Where 
F = Empirical factor 
L = Labour wages and benefits (hourly) 
As an example, the empirical factor for estimating the overhaul labour costs of 60 ton 
rear dump and rigid frame haulage truck is 0.04 when the hourly labour wages and 
benefits are US$ 27.66 (InfoMine, 2006). 
Fuel/Power: Fuel or power costs include the expenditure for diesel fuel, gasoline or 
electric power and in most cases constitute the highest proportion of operating costs 
(Figure 27) (InfoMine, 2006). The estimates for power costs are normally made for 
average working conditions and the manufacturers provide the required data for 
particular engine performance. The fuel costs estimations are, however, not trivial 
because they depend on the engine fuel usage which in turn can change due to changing 
working conditions like small or large travelling distances for the hauling trucks (Anon., 
SAP for Mining, 2005, p. 9). Variations in calculation can arise from change in the 
equipment working programme (Runge, 1998, p. 111) as well as instabilities of the fuel 
price. The estimates can generally be considered more reliable when the actual working 
conditions and rate of fuel consumptions are incorporated in the calculation (Anon., SAP 
for Mining, 2005, p. 9). 
Like other components of operating costs, fuel costs are generally being calculated on 
hourly basis. The fuel costs for gasoline for average machine working environment can 
be determined as, 
  (5.13) 
Where 
F = Empirical factor 
G = Gasoline price (per gallon)  
As an example, the empirical factor for calculating the hourly gasoline price is 0.02 for 
60 ton rigid frame truck with engine horse power of 650 and gasoline price of US$ 1.874 
(InfoMine, 2006). 
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The costs of electric power operated machines for average working environment can be 
calculated as, 
  (5.14) 
Where 
F = Average electric power draw (%) 
E = Price of electric power (per kWh) (InfoMine, 2006) 
Lubricant: Lubrication costs are generally estimated on hourly basis. The usually applied 
practice for assessing the lube expenses is to take a percentage ranging between 20% 
up to 40% of the fuel costs for machines depending on the available hydraulic 
components requiring lubricants. Based on the actual working conditions, the values of 
expenses can be corrected up to a range of ± 5%. Lubrication costs can also be 
estimated from manufacturer’s data if the values for hourly lube requirements are 
provided (Runge, 1998, p. 113). Lubricants are usually replaced after fixed intervals and 
the results of estimates are more accurate if the calculations include recent lubricant 
prices and actual machine operational data. A generally accepted formula for calculation 
of lubricant costs is, 
  (5.15) 
Where 
FL = Empirical factor 
Fc = Empirical factor 
L = Price of lubricants (per gallon) 
I = Interval of lube change (hours) (InfoMine, 2006) 
The empirical factor depends on the engine performance of the equipment. 
Tyres: The operating costs of tyres can generally be calculated by dividing the tyre 
expenditures with the working life in hours. For most reliable estimates, the data from 
actual mining operations is recommended. If field data is not available, the average 
working life of tyres can be used – as an average working life of truck tyres in coal mines 
can be roughly 5,000 hours (Runge, 1998, p. 114). 
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The tyre life depends on the working conditions. As an example, the overall working time 
for front end loader tyre can be 600 hours for the poor working conditions like wet surface 
mining where tyres are not chain covered. The tyre life can also decrease due to burst 
because of unsuitable working conditions or misuse (Runge, 1998, p. 114). According to 
(Runge, 1998, p. 114) the formula for tyre operating cost is, 
  (5.16) 
Practice to recap the tyres for two times also exists in mining. Recapping costs can be 
assumed 75% of the expenses for new tyres; the working time period decreases by 9% 
as of a new tyre (InfoMine, 2006). The operating costs (per hour) of tyres recapped twice 
can be calculated as, 
 
 
(5.17) 
Where 
N = Number of tyres for machines 
T = Tyre price 
L = Tyre life assumed (in hours) (InfoMine, 2006) 
Wear Parts: Wear parts comprise the machine items that encounter abrasion with the 
operations. Some of the examples include drilling bit, dozer blades and teeth of a bucket. 
Methods applied for the wear part cost calculation usually include knowledge from similar 
machine operations and manufacturer specifications. In most cases, wear part costs do 
not constitute a very large share of overall operating costs and thus actual and estimated 
costs don’t have a significant influence on the overall operating costs (Runge, 1998, p. 
119). To find the average costs of wear parts, the following relationship can be applied, 
  (5.18) 
Where 
Pc = Cost of parts 
Hc = Consumption of part (per hour) (InfoMine, 2006) 
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5.3.5 Cost Calculations for Haulage and Dumping Operations at Dump Sites 
– Sample Calculation 
Costs for waste rock haulage and disposal at sidehill fill and layered dumping sites 
(comprising ramp and bench) have been calculated based on the operational working 
times of trucks and dozers. The truck and dozer operational times have been calculated 
for the dumping profiles using formulas presented in Subchapter 5.3.3. Both capital and 
operating costs (as described in previous section) for trucks and dozers workings have 
been incorporated for comparing the costs of sidehill fill and layered dumping methods. 
The comparison has been conducted by applying the cost estimation values according to 
(InfoMine, 2006)5 for operational time of the trucks and dozers. Several profiles have 
been selected for demonstration purposes and are shown in Figure 28. The considered 
profiles are assumed to have equal length and width because during calculations, 
distances have been summed up in both directions of profile i.e. length and width. 
 
Figure 28: Selected dump profiles with ramp on left and bench on right of each profile. 
Figure 29 to Figure 32 show the cost calculation results for the selected profiles of sidehill 
fill and layered dumping with height of 20, 40, 60, and 80 m. The black columns in each 
figure represent the cost of layered dumping operations while grey columns demonstrate 
the cost of sidehill fill dumping according to primary y-axis on the left of graph. The costs 
for the sidehill fill method have been subtracted from the costs of layered dumping and 
are illustrated in the form of dark grey line with values according to secondary y-axis on 
right of graph. A positive value means layered dumping is economical than sidehill fill. 
                                            
5
 Based on the equipment applied in Vietnam, capital and operating costs (in US dollars) for a 60 ton, rear 
dump, rigid frame haulage truck and a 205 HP dozer with 13 feet and 1 inch blade width are assumed for 
all estimations (InfoMine, 2006). 
1000 m
1
0
0
0
 m
1000 m
1
0
0
0
 m
750 m
7
5
0
 m
750 m
7
5
0
 m
5
0
0
 m
500 m
500 m
5
0
0
 m
2
5
0
 m
250 m
250 m
2
5
0
 m
125 m
1
2
5
 m
125 m
1
2
5
 m
75 m
7
5
 m
7
5
 m
75 m
60 m
6
0
 m
60 m
6
0
 m
Sidehill fill Dump Profiles
Layered Dump Profiles
Economics of Mining and Waste Rock Dumping 65 
 
 
 
Figure 29: Cost comparison for profiles with 20 m height. 
 
 
Figure 30: Cost comparison for profiles with 40 m height. 
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Figure 31: Cost comparison for profiles with 60 m height. 
 
 
Figure 32: Cost comparison for profiles with 80 m height. 
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The combined results with dark grey lines (sidehill fill minus layered dumping) from all 
profiles are presented in Figure 33 (positive values represent the financial benefit of 
layered dumping while negative value is the possible financial burden with the 
implementation of the layered dumping). 
 
Figure 33: Summary of financial benefit and possible financial burden with layered dumping . 
The results for various profiles with different heights can be summarised as: 
 For profiles with heights less than 40 m, the layered dumping method has no 
economic benefit over the traditional sidehill fill dumping (with regard to the 
selected variables). 
 For heights of 40 m, the layered dumping costs are almost equal to the sidehill fill 
dumping practice for the profiles up to a length and width of 250 m. For an 
extension above 250 m, the layered dumping method has to be considered 
economically disadvantageous compared to the sidehill fill dumping method as 
shown in Figure 33. 
 The operational costs for the layered dumping method are lower than the sidehill 
fill dumping costs for the profiles at a height of 60 m; the benefit increases with 
the larger profiles up to dimensions of 750 m. The same goes for the profiles of 
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80 m height, but with increasing benefits up to 1,000 m (largest considered 
profile). 
In order to explain the data depicted in Figure 33, dumping profiles with h = 60 m have 
been analysed in detail. The reason for the curved path of the line lies in the input 
variables. 
The costs have been calculated with the working hours of the trucks at both bench and 
required ramps. The working hours are influenced by the distance divided by the speed 
of a truck. The distance covered by trucks at benches in sidehill fill and layered dumping 
is nearly identical but the travelling speed of truck in layered dumping has to be assumed 
lower than in the sidehill fill method. A reduction in speed gives increased working hours 
for the same travelled distance. The impact of working hours due to decrease in speed 
increases with larger profile dimensions, though not being directly proportional. Figure 34 
shows the working hours of the trucks at the benches where the difference due to diverse 
speeds becomes larger for longer and wider profiles. 
 
Figure 34: Difference of working hours (sidehill fill minus layers) for profiles with h = 60 m. 
The cost comparison results can thus be used to determine the relative costs of layered 
dumping over sidehill fill dumping. The model, however, can also be applied to calculate 
the overall dumping costs at mine sites (further travelling distances, for example from the 
mine to the dumping site have to be considered separately). 
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5.3.6 Critical Factors and Sensitivity 
Although there can be several factors for lower financial benefits for some of the profiles 
in layered dumping when compared to sidehill fill dumping, but, the main reasons are: 
1. More dozer work required in layered dumping. 
2. Lower speed at benches resulting in more truck working time. 
The impact of both factors has been analysed based on literature values of truck speeds 
(see Table 5) and on-site measurements of dozer working time (one minute per truck trip) 
in Vietnam to find their impact on final results. Assuming a sensitivity interval of ± 50% for 
both speeds and dozer work, the results of sensitivity analysis for profile with dimensions 
379 x 379 x 40 m³ (length x width x height) are shown in Figure 35. This is the profile 
where sidehill fill costs are equal to the layered dumping according to the calculations 
results (see Figure 30). The y-axis represents the cost of sidehill fill minus cost of the 
layered dumping. A positive value means financial benefit with the layered dumping while 
a minus value represents the higher costs with layered dumping compared to the sidehill 
fill dumping. 
-$250,000
-$200,000
-$150,000
-$100,000
-$50,000
$0
$50,000
$100,000
$150,000
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
Speed of truck during haulage at bench
Speed of truck during return at bench
Dozer work at bench
 
Figure 35: Sensitivity analysis results with truck speeds and dozer work. 
The results show a higher sensitivity towards the speed of haulage truck. A higher truck 
speed at benches in the layered dumping, results in financial benefits over the traditional 
sidehill fill dumping method whereas a lower speed results in possible financial burden 
with the layered dumping method. A higher amount of dozer work in layered dumping 
also reduces the financial benefits. 
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5.3.7 Comparison of Waste Rock Management Costs 
Today, the mining industry worldwide puts a high emphasis on the prevention of 
environmental and stabilisation problems from mine waste rock dumps during and after 
construction in addition to cost effective waste rock management practices. The 
improvement of dump stability and environmental performance can result in the extra 
waste rock management costs. The examples of stabilisation enhancement and 
environmental protection measures include: 
 Control and treatment of ARD 
 Resloping for vegetation 
 Reduction of dumping heights for aesthetic purposes 
 Control of erosion 
 Prevention of dump fires 
One of the major environmental problems with mining is the generation of ARD which 
causes the release of toxic waters in streams and soils. With sidehill fill dumping 
atmospheric oxygen and rain water can easily flow inside the dump body due to the 
relatively loose material placement as well as resulting cracks forming at the dump top. 
The interaction of oxygen and water with sulphur and metal components within waste can 
generate ARD (see details in Subchapter 3.1.4). The probability of ARD with sidehill fill 
dumping is higher compared to the layered dumping where a higher compaction at upper 
parts of the layers reduces the flow of water and oxygen inside the dump body (Brodie, 
Banta, & Skermer, 1992, p. 30). 
An addition of ARD prevention or treatment expenditures can result in significant 
changes in the overall dump’s operational and management costs. When such costs are 
considered along with operational waste rock dumps costs for sidehill fill and layered 
dumping based on real cases and expected performance, the results are entirely different 
from the calculations described previously where only operational costs were evaluated. 
According to (Anon., European Commission, 2009, p. 227) the surface haulage costs of 
waste rock generally vary from 0.2 to 0.5 Euro per tonne kilometres (EUR/tkm; 0.28 to 
0.71 US$/tkm)6. Typical cost ranges for different engineered solutions for ARD prevention 
from waste rock dumps are depicted in Figure 36 (EPA, 1997, p. 9). 
                                            
6
 Currency exchange rate of 20.07.2011, 1 Euro = 1.4 US$ [www.gocurrency.com] 
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Figure 36: ARD treatment costs for mine waste dumps (EPA, 1997). 
The treatment costs vary from 0.2 up to 2 US$/ton (short ton) and can have a major 
impact on overall dumping costs which vary from 0.28 to 0.71 US$/tkm (Anon., European 
Commission, 2009, p. 227). 
As a “best case” example, the least cost of 0.2 US$/ton (0.22 US$/tonne7) for ARD 
treatment “collect and treat” will be chosen to determine the potential impact within the 
developed model of cost comparisons of sidehill fill and layered dumping. In the 
approach, the contaminated water accumulates in a collection system and is further 
treated to remove the pollutants before discharging the water in streams or rivers. Both 
active and passive systems are being applied for treatment purposes. In the active 
treatment system, reagents like lime are applied which result in an increased pH and the 
formation of metal precipitates. The precipitates are removed in order to clean the water. 
In passive treatment methods, contaminated water flows, for example, in constructed 
wetland to reduce the pollution potential of water (Durkin & Herrmann, 1994, p. 3). In 
contrast to the active systems, passive ones are normally self contained and operate with 
very little maintenance (Watzlaf, et al., 2004, p. 2). 
An assumed square dump profile (1,000 m by 1,000 m) with a height of 40 m and an 
average waste rock density of 2.63 t/m³ (average value for waste rock material at Chinh 
Bac dump site in Vietnam) is further selected for identifying the impacts of ARD treatment 
on the cost comparison of dumping methods. This was the profile where layered dumping 
had no financial benefit over sidehill fill disposal (see Figure 30). 
                                            
7
 1 tonne (metric) = 1,000 kg while 1 ton (imperial) = 2,240 pounds. 
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According to (Schulz, 1996, p. 93), the entry of oxygen and water is lowered with higher 
compaction in layered dumping. A reduced amount of water and oxygen decreases the 
chance of ARD generation. Therefore a higher compaction in layered dumping reduces 
ARD generation (Subchapter 4.2.1) and treatment costs. With the inclusion of ARD 
treatment costs between 0.0 US$/t8 and 0.22 US$/t9 for layered dumping and 
incorporating value of 0.22 US$/t for sidehill fill where probability of ARD generation is 
higher (Subchapter 3.1.4), the results are shown in Figure 37. The horizontal axis 
represents the cost/ton values of ARD treatment for layered dumping. The vertical axis 
shows the cost of sidehill fill subtracted from layered dumping. A positive value 
represents the financial benefit with layered dumping when compared with the sidehill fill 
dumping. 
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Figure 37: Economic assessment of layered dumping for various cost values of ARD treatment. 
As can be seen from Figure 37, the layered dumping method can be considered to have 
profitability advantages over the sidehill fill method for most of the values (0.0 up to 
0.20 US$/t) of ARD treatment cost within layered dumping. Thus, the inclusion of ARD 
treatment cost results in the clear financial benefits from layered dumping method. 
                                            
8
 An ideal case where no ARD treatment is required in layered dumping. 
9
 The worst case scenario with ARD treatment cost within layered dumping is equal to that of sidehill fill 
dumping. 
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Another potential cost factor with sidehill fill dumping can be resloping at the end of the 
dump construction for rehabilitation purposes. At waste rock dumps in Vietnam, the 
operating company has plans of resloping the slope faces of Chinh Bac waste rock 
dump. The resloping of dump slopes for vegetation will cause the costs in form of: 
 Dozer work to create benches and to push the waste rock material 
 Excavator work to load the waste rock material in trucks 
 Haulage cost of trucks for waste rock material transportation 
 Road construction and maintenance for the haulage of waste rock material. 
These additional costs within overall operational and management costs can shift the 
results presented in Subchapter 5.3.5 in favour of the layered dumping method. 
It can be concluded from the above discussion that, if overall dumping operational as well 
as environmental management costs are considered for evaluating the comparison of 
costs, the layered dumping is more economical option than sidehill fill dumping. 
5.3.8 Overall Dumping Cost Calculations 
The overall dumping costs for particular mining operations can be assessed with the 
methodology developed for the cost comparison of sidehill dumping with layered 
dumping in Subchapter 5.3. The total dumping costs can be assessed with some 
modifications in the developed model. The applied methodology is based on the method 
described by (Hoskins & Green, 1977, pp. 96-98) but features some elementary 
adaptations and additions - especially for determining the average cycle times and work 
of dozer at the dumping site. The process of determining the overall dumping cost can be 
divided into five steps: 
1. Assessment of average cycle time of hauling trucks: The average cycle time can be 
calculated through summation of three individual components described below. 
1.1. Average loading time: The time for the manoeuvre, spot and load can be 
assessed based on the material density, loader bucket size and the haulage truck 
capacity. 
1.2. Average time at dump site: The total time at dump can be estimated considering 
the distance covered by the truck at ramps and benches and the speed of truck 
from manufacturer chart for each scenario as described in Subchapter 5.3.3. The 
average time required for turn and dump can be found from experience based 
values. 
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1.3. Average time for haul and return: The time can be calculated considering the 
average distance between loading point and dump location and the expected 
truck speeds for both haul and return path respectively. 
2. Number of trips per hour: The average cycle time for single trip defines the number of 
trips per hour and the efficiency factor inclusion can refine the calculations. According 
to (Hoskins & Green, 1977, p. 98), the 50 min hour instead of 60 min is a good 
estimate for including the machine and operator efficiency in calculations. 
3. Number of trucks and loaders: The required quantity of waste rock to be transported 
within certain time period with available trucks capacities determines the ideal number 
of trucks required for the particular operation. 
4. Dozer work: The number of dozers as well as working hours can be estimated based 
on the factors from previous experience. For example, in Chinh Bac waste rock dump, 
0.16 min of dozer work was needed for a single truck trip (CAT 773E) in sidehill fill 
dumping. 
5. Capital and operating costs: The capital costs of loaders, trucks and dozer as well as 
operating costs can be calculated based on the numbers of trucks and dozers as well 
as working time determined in previous steps. The overall dumping costs can be used 
in the assessment of cost per tonne. The schematic visualisation of factors impacting 
the cost calculation is shown in Figure 38. The grey background rectangles represent 
the implementation of the methodology developed in Subchapter 5.3. 
 
Figure 38: Schematic diagram showing the method of calculation of overall dumping costs.  
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6 Mine Waste Rock Dumping in Vietnam 
The annual growth rate of Vietnam's gross domestic product was 7% to 9% between 
2003 and 2008. A continuous growth of the country’s economy in the past has resulted in 
an increase of energy demand. This demand has been fulfilled by the domestic coal 
production which went up from 10 Mt in 2002 to almost 50 Mt in 2009 (Martens, et al., 
2010, p. 302). The most important coal producing region of Vietnam is the Quang Ninh 
Province located in the northeast of the country. The province produces 100% of the 
exported coal and 90% of the coal for domestic use (Brännlaund & Strandmann, 2000, p. 
6). 
VINACOMIN, a state owned company, controls more than 95% of the mining operations 
in Vietnam in the form of several subsidiary companies. Nui Beo Coal Company (NBCC) 
is one of the major subsidiaries of VINACOMIN. The energy demand of Vietnam has 
been partly fulfilled by NBCC company which operates open-pit coal mines in the Quang 
Ninh Province (Martens, et al., 2011, p. 197). Waste rock produced from open-pit mines 
is being dumped nearby as sidehill fill. 
In the past, waste rock produced by the NBCC open-pit coal mines has been dumped 
without considering the environmental impacts. Examples from environmental problems 
at the dump site include dust emissions into the air and contaminated surface water flow 
during the rainy season. Dust is produced during the transportation and dumping of the 
mine waste as well as drilling and blasting of the overburden. Seepage of the rain water 
occurs at some points through the dump. The major problems at the waste rock dumps 
can be considered, however, cracks, erosion, sliding and resloping requirements for 
rehabilitation. Cracks generally occur at the top of the dump. Rainwater can enter in the 
dump body through the cracks at dump surface and can result in the severe stability 
issues with high pore water pressure values (Ahmad, et al., 2009, p. 2). Erosion at the 
slope surfaces is problematic for activities like rehabilitation works. In addition, sliding 
incidents have already occurred at waste rock dumps. Mining and waste rock dumping 
activities are disturbing the beauty of Ha Long Bay which is located in the vicinity of 
open-pit mines. 
Ha Long Bay has been accredited as world natural heritage site by the UNESCO in 1994 
and is an important touristic resort as well as source of income for government. Waste 
rock dumps from the open-pit mines of NBCC have contributed to the conflict of interest 
between mining and other activities - mainly tourism - in the province. Some of the 
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reasons for the arising conflicts are the space requirements for dumping in an 
environmentally sensitive area as well as environmental and stabilisation problems 
impacting the tourist industry. 
For finding the sustainable solutions to the environmental problems caused by the mining 
and waste rock dumping nearby, the RAME research project was initiated in the form of 
cooperation between German specialised companies and universities and subsidiary 
companies of VINACOMIN. This chapter presents the mining and dumping practices in 
the northeast of Vietnam. Traditional sidehill fill dumping was practiced at NBCC 
operated open-pit mines. As a part of the RAME research project, a new concept of 
layered dumping has been developed and implemented. The concept is expected to 
solve various environmental conflicts in the most important coal mining region of 
Vietnam. Additionally, the economics of the new dumping concept are assessed in the 
next chapter by comparing the costs of new dumping method from site-based values with 
the cost from comparison model developed in the previous chapter. 
6.1 Site Description 
6.1.1 Geography 
The project area is located in the north of Vietnam - approximately 150 km east of the 
capital city Ha Noi in the Quang Ninh Province. Nearly 80% area in the Quang Ninh 
province consists of mountainous region. The habitable coastal line is smaller (20%) with 
natural resources like water bodies, soil and vegetation. The human activities like urban 
settlements, tourism and mining are competing for the utilisation of the available coastal 
area (Martens, et al., 2010, p. 303). 
6.1.2 Geology 
In the north of Vietnam, an important coal bearing belt is located from east to northeast. 
The coal of Mesozoic (Triassic) age is contained in the belt with four sedimentary basins: 
 Nan Meo 
 Phan Me 
 Bo Ha 
 Quang Yen 
The study area is located within the Quang Yen basin (shown in Figure 39), which has a 
length of almost 200 km and covers an area of 5,000 km² (Kušnír, 2000, p. 171). The 
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basin starts at the northeast coast of the country. Coal is present with several folds 
parallel to the coast. In some areas, coal mining is active with seam thickness ranging 
from 2 to 8 m. There are up to six important coal seams found at some mines (Thomas, 
2002, p. 76). 
The anthracite resources are estimated to be 3,300 Mt in the Quang Yen basin. Because 
of relatively higher calorific value of up to 8,600 kcal/kg as well as lower ash (3 - 7%) and 
sulphur (0.2 – 1.2%) contents, the anthracite is considered to be of best quality when 
compared with coal resources of other basins in Vietnam (Kušnír, 2000, p. 171). 
 
Figure 39: Major coalfields in Vietnam according to (Anon., M2M, 2009). 
NBCC operated coal mines are located within the Hon Gai formation (T3n-r hg) of the 
Quang Yen coal basin. The formation is divided into two sub formations i.e. lower and 
upper subformation. The maximum thickness of the lower subformation (T3n-r hg1) 
which contains the coal is 1,700 m. The subformation consists of 15 members with 
thickness of each member varying from 50 m to 420 m. The members contain 
conglomerate, gritstone, sandstone, siltstone, clay shale, coaly shale and coal seams. 
The number of coal seams and their thickness is not constant in different mines. The 
maximum numbers of seams available in active mines are 20. The coal seams of 
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industrial value, however, are 7 to 14 in average. The maximum thickness of the 
individual seams is up to 40 m with interbeds of shale (DGMV, 2001, p. 57). 
 
Figure 40: Part of Hon Gai formation where NBCC open-pit mines are located (DGMV, 2001). 
6.1.3 Climate Conditions 
The weather in the north of Vietnam where the project site is located consists of two 
distinct seasons. The hot and rainy season starts from April/May and lasts until 
October/November. The dry season starts in the October/November and ends in 
April/May. The average monthly temperatures are shown in Figure 41. 
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Figure 41: Average temperatures in Bai Chay region near NBCC open-pit mines (RAME, 2011). 
According to the data collected from Bai Chay weather station near Nui Beo coal mines, 
the temperature in hot season ranges from 23.8 °C to 28.6 °C on average from April to 
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October. The highest average temperature normally occurs in July and it can go up to 
28.6 °C followed by June and August where temperatures of 28.4 °C and 28 °C on 
average have been recorded at the weather station. The average temperature ranges 
from 16.1 °C to 21.5 °C from November to March. 
The average rainfall for the NBCC open-pit mines is shown in Figure 42. Two distinct 
seasons (rainy and dry) can be recognised in the graph. The rainy season starts in May 
and lasts up to September and the average amount of rainfall lies in range from 106 mm 
to 446 mm. The highest rainfall events occur in July and August where rainfall amounts 
up to more than 400 mm on average. In August 1999, the highest amount of rainfall 
(805 mm) in 12 years (1998 - 2009) was recorded. The amount of rainfall can be critical 
for the stabilisation (sliding and erosion at slopes) and environmental (ARD generation) 
point of view for solid mine waste dump design. The season from October to April is 
regarded as dry season with average rainfall from 19.5 up to 106 mm. 
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Figure 42: Average rainfall in Ha Long between 1998 and 2009 (RAME, 2011). 
6.2 Coal Production 
Anthracite coal is produced at the NBCC-operated open-pit mines, with coal seam 
thickness varying from 7 m up to 59 m and a dip angle of approximately 30° on average. 
The overall stripping ratio of the NBCC open-pit mines is currently 4 m³/t, which results in 
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relatively large amounts of waste production (Martens, et al., 2011, p. 198). The amount 
of coal produced at NBCC open-pit mines over the last decade is shown in Figure 43. 
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Figure 43: Coal production at NBCC-operated mines (RAME, 2011). 
6.3 Waste Production 
The coal production in open-pit mines requires the removal of the overlying overburden 
material, most of which is considered waste without any economic value. Relative 
consolidated material at open-pit mines requires in general drilling and blasting to loosen 
the overburden which is then loaded by shovels and transported by trucks. The process 
chain of the waste rock removal consists of drilling, blasting, loading and transportation. 
The processes impact the dumping performance at a mine site and short description of 
each process at NBCC open-pit mines is presented in the next subchapters. 
6.3.1 Drilling 
At NBCC open-pit mines, four drilling machines are employed for digging of the holes for 
overburden blasting. The machines comprise two of CB III 250 (Russian manufactured) 
and one of each Atlas Copco Rock L8 and DM 45. The Atlas Copco Rock L8 is 
percussion drill while Atlas Copco DM 45 falls in the category of combination of rotary 
and percussion drill machines. The usual drilling scheme for a particular blasting round is 
depicted in Figure 44. 
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Figure 44: Drilling scheme at NBCC open-pit mines (RAME, 2011). 
6.3.2 Blasting 
The explosive used on-site is ANFO and the surface blast design parameters used in the 
open-pit mines are shown in Table 6. The field values were collected during a site visit in 
April 2008. The parameters (rocks with density less than 2.7 g/cm³ and ANFO as 
explosive) have been used for the assessment of blast design with the existing empirical 
relationships provided by Ash (Dowding & Aimone, 1992, p. 733) and explained in 
Subchapter 2.2.2 concerning the blast design. The results of comparison are shown in 
Table 6 and Figure 45. Following common values for both cases have been considered. 
 Hole diameter for blasting = 250 mm 
 Amount of ANFO = 500 kg 
 Loaded density “W” of ANFO = 0.68 g/cm³ 
 Bench height = 15 m 
Table 6: Comparison of empirical surface blast design values with values at NBCC open-pit mines. 
 
Parameter Empirical values Field values
Burden (m) 5.49 6
Spacing (m) 5.49 - 10.99 6
Subdrilling (m) 3.85 5
Stemming (m) 1.65 5
Powder Factor (kg/m³) 1.1 - 0.55 0.92
Volume/Yield (m³) 454 - 907 540
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The comparison of empirical values with field values resulted in the following findings: 
 The burden and spacing dimensions are almost same for both empirical results 
and practical results in the field. 
 The empirical values of subdrilling and stemming are less than the field values. 
The higher values of subdrilling in the field can be a source of a higher amount of 
vibrations at the mine site and nearby residential areas. A higher length of 
stemming can also result in an increased portion of boulders after blasting in 
addition to a relatively higher intensity of vibrations in nearby areas (Jimeno, 
Jimeno, Carcedo, & De Ramio, 1995, p. 182). 
 Both empirical and field data evaluations delivered the same blasting results in 
terms of powder factor and yield (the value of KS lies between 1 and 2 based on 
initiation system and if value of KS is assumed as 1.2, the results were same). As 
shown in Figure 45 the empirical blasting dimensions need less amount of drilling 
per bore hole which in turn means more drilling and blasting costs for field 
values. 
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Figure 45: Drilling on the base of empirical parameters compared with NBCC values. 
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The differences in the blast design values for both cases can be attributed to the 
following reasons: 
 The empirical values can be different than practical values due to the fact that 
there are uncontrollable site-specific parameters such as geology and loading 
conditions of explosive. 
 The empirical relationship shown previously does not indicate the explosive 
column or height of the bench. The field values may have been adjusted based 
on the bench heights. 
6.3.3 Loading and Transportation 
Waste rock material has been loaded with the help of shovels and has been transported 
with haulage trucks in NBCC-operated open-pit mines. Different types of shovels 
(Hitachi EX 750, CAT 365 BL, and Volvo EC 240) and trucks (CAT 773E, Volvo A40, 
Belaz 7548) are employed for loading and transportation with more than one operational 
loading site within open-pit mines. In total, 73 haulage trucks and 11 excavators were 
operated for the transportation of waste rock from mine site to the dumping site in 2008. 
17.6 Mm³ of waste rock was produced in 2008, out of which 8.13 Mm³ was transported 
with the trucks of NBCC and the rest of the waste rock was transported with the haulage 
trucks of contractors (CAVICO Company). 
During the mine site visits, it was observed that there were generally a lot of idle times for 
both trucks and shovels during loading and dumping practices. The problem arises due 
to the mismatch of shovel and truck as different types of truck models with different cycle 
times are loaded with one particular shovel. The problem can, however, be handled by 
proper matching of loader with trucks to optimise the dumping operations. 
6.3.4 Dumping 
Overburden excavated from NBCC open-pit mines is dumped at waste rock dump sites 
including Chinh Bac waste rock dump. Chinh Bac waste rock dump site was selected for 
the research conducted within the RAME project as an example for other sites, to find 
sustainable solutions for waste rock dump related problems in Vietnam. Dumping at 
Chinh Bac started in 2005 and the site received the waste rock from both open-pit mines 
(mine number 11 and 14) till 2008 while waste rock from open-pit number 11 is dumped 
after 2008. Both open-pit mines are located within the same geological formation and the 
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material consists of sandstone, siltstone, claystone and conglomerates. The average size 
distribution of waste rock particles at Chinh Bac dump site is shown in Figure 46. 
 
Figure 46: Average particle size distribution at Chinh Bac waste rock dump site (RAME, 2011). 
Mine waste rock at Chinh Bac has been dumped without removing the underlying topsoil 
at the foundation of the dump. The thickness of the topsoil varies from 1.5 m up to 15 m 
(average 5 m) in the area where Chinh Bac site is located. The soils are of alluvial types 
with grain sizes varying from 0.0025 up to 2 cm. The area covered by the dump is 
approximately 120 ha. According to the plans in 2008, mine waste rock was to be 
dumped towards the end of 2010 when the site was planned to be decommissioned. The 
amount of waste rock that has been dumped from NBCC open-pit mines is shown in 
Figure 47. 
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Figure 47: Waste rock excavated in NBCC and dumped at Chinh Bac (RAME, 2011). 
Chinh Bac waste rock dump has been constructed with the traditional sidehill fill dumping 
practice (see Chapter 3). Some areas of the dump consist of 50 m high benches with a 
slope angle of 27° while the other areas have 10 - 20 m high benches with slope angles 
varying from 30° to 40°. The final heights of the benches have been planned to vary 
between 20 to 25 m. The planned final dimensions of the dump have been defined on the 
base of local experience which suggests that the maximum single bench height can be 
up to 30 m. 
The overall height of the dump has been reduced from 271 m Above Mean Sea Level 
(AMSL) to 256 m AMSL at the request of the provincial government in order to diminish 
the visual impact because the dump site could have been seen from the tourist resort of 
Ha Long Bay (Martens, et al., 2009, p. 408). 
6.4 Waste Rock Dumping Problems in Vietnam 
There is little doubt that the mining and dumping activities at the Chinh Bac site are 
disturbing the natural environment of the region. The environmental problems at the site 
include dust emissions during mining and dumping, waste water flows (surface run-off, 
interflow and seepage) and stability risks at the dump site. The stabilisation and 
environmental problems at Chinh Bac waste rock dump in Vietnam are: 
 Erosion 
 Ground settlements and cracks 
 Sliding 
 Acid Rock Drainage 
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 Area requirements 
 Resloping requirements 
The sidehill fill dumping problems have already been discussed in detail with the main 
focus on Chinh Bac mine waste dump site in Vietnam in Chapter 3. The stabilisation and 
environmental problems at Chinh Bac dump site required a new dumping concept with 
minimum problems. The concept of the layered dumping (see Chapter 4) as an 
alternative to the sidehill fill was proposed and implemented at Chinh Bac waste rock 
dump site. A schematic overview on the traditional sidehill fill and the layered dumping 
concept is shown in Figure 48. 
 
Figure 48: Traditional sidehill fill dumping (left) and layered dumping (right). 
6.5 Layered Dumping at Chinh Bac 
Mine waste rock has been dumped in the form of layers as an alternative to the sidehill fill 
at Chinh Bac waste rock dump as a part of the RAME research project in Vietnam. There 
had been no prior experiences concerning the feasibility with the given waste rock dump 
material and the available waste hauling trucks at Chinh Bac waste rock dump in 
Vietnam until 2010. As a part of the feasibility assessment of the new dumping concept, 
waste rock has been dumped in layers in two phases i.e. experimental dumping and test 
dumping. The purpose of both experimental and test dumping was to evaluate the 
performance of the waste rock dumping in layers in terms of operational requirements, 
slope stability, ground settlements behaviour, erosion, amount of dumping in given 
space, economics and vegetation in comparison to the sidehill fill dumping. 
6.5.1 Experimental Dumping 
The experimental dumping phase consisted of pilot scale testing of layered dumping 
concept. Mine waste rock from open-pits was dumped in two and four metre layers with 
257.0
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the purpose of assessing the operative requirements for different layer heights and to 
evaluate the density effects on waste rock dump layers. 
6.5.1.1 Profile 
The planned profile of the waste rock experimental dumping area is shown in Figure 52. 
The experimental dumping process consisted of the following seven steps: 
1. Ramp construction and construction of the area for turn and dump of dumping 
truck in two metre layered dumping (see Figure 49) 
2. Two metres high layered dumping (see Figure 50) 
3. Density measurement tests at various depths within two metres high constructed 
layered dumping 
4. Ramp construction with truck turn and dump area for another two meters high 
and new four metres high dumping (see Figure 51) 
5. Another two metres high layered dumping on the top of the existing two metres 
high dumping (top right area in Figure 52) 
6. Four metres high layered dumping (bottom right area in Figure 52) 
7. Density measurements within two and four metres high dumping. 
 
Figure 49: Construction of ramp and area for truck turn and dump. 
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Figure 50: Two metres high layered dumping area on right. 
 
Figure 51: Ramp and truck turn and dump area construction for four metres high dumping. 
 
Figure 52: Completion of experimental dumping profile with another two metres high (top right) and 
four metres high (bottom right) layered dumping. 
6.5.1.2 Haulage Equipment and Dumping Distance 
The trucks employed for the experimental dumping were CAT 773E and CAT 773F. The 
specifications of the trucks are shown in Table 7. 
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Table 7: Specifications of trucks used for experimental dumping in Vietnam. 
Truck type Gross weight (tonne) Payload (tonne) Body capacity (m³)
CAT 773E 99 54.5 35.2
CAT 773F 100 55 35  
Depending on the material characteristics at the NBCC operated coal mines, the 
assumed body capacity of the above mentioned trucks was 30.32 m³ while the loaded 
capacity of trucks is considered as 55 t. Normally, the haulage distance is divided into 
segments but for simplification purposes, the average one way distance between loading 
site of waste rock and dumping location was assumed nearly equal to 2 km. 
6.5.1.3 Dumping Schedule 
For experimental and test dumping campaign, the amount of waste rock has been 
estimated applying the geometry of the planned dumping area. The numbers of trucks 
required were estimated based on the amount of waste material for the dumping area. 
Ten daily trips with assigned CAT 773E and CAT 773F trucks were planned for waste 
rock transportation in the experimental dumping area. The average in-situ density of 
overburden is 2.63 t/m³ (RAME, 2011) at the NBCC operated open-pit mines. After 
blasting, the bulk density of waste rock is 1.81 t/m³ (RAME, 2011) and this was the 
density of waste rock at trucks during transportation. The waste rock transportation 
schedule for test dumping is shown in Table 8. Material for the haulage is calculated by 
multiplying the volume required at dump site with the density of material in trucks. 
Table 8: Amount and schedule of waste rock experimental dumping. 
Steps Process
Material needed 
at dump site (m³)
Material for 
haulage (t)
Number 
of trucks
Number of 
total trips
Days
1 Ramp construction for 2 m dumping 9,539 17,266 8 320 4
2 2 m high layered dumping 7,098 12,847 11 220 2
3 Density measurements 0 0 0 0 2
4 Ramp construction for 4 m dumping 8,155 14,761 7 280 4
5 Another 2 m high layered dumping 6,206 11,233 10 200 2
6 4 m high layered dumping 2,504 4,532 8 80 1
7 Density measurements 0 0 0 0 6
33,502 60,639 44 1,100 21Total
 
6.5.1.4 Dumping Cost Estimations 
In Vietnam, the costs of dumping are estimated based on equipment utilisation and the 
number of supervisors at the dump site. The daily wages of supervisors are applied for 
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the estimation while equipment costs are considered on the basis of the amount of 
material to be transported. The costs for each category are described in next section. 
Supervisor cost: Normally one supervisor is present at an individual dumping location 
and the daily wage of a supervisor is 273,023 VND (Vietnamese Dong) (RAME, 2011) 
which is roughly equal to 9.43 Euros10. 
Loading cost: The cost for loading by shovels is calculated using the amount of material 
to be loaded in cubic metres multiplied with the specific cost factor. The loading of one 
cubic metres of the waste rock through power shovel costs 4,893 VND (0.1691 Euros11) 
(RAME, 2011) for the open-pit mines at NBCC. 
For the calculation of overall loading costs during experimental dumping, the amount of 
material for loading is calculated from material needed at dump site profiles. The total 
material required for experimental dumping was 33,502 m³. As the density of material 
after blasting at the trucks is 1.81 t/m³, the amount for transportation through the trucks 
equals to 60,639 t (33,501 m³ x 1.81 t/m³). The in-situ density of material is 2.63 t/m³ 
which results in the amount to be loaded as 23,055 m³ (60,636 m³ / 2.63 t/m³). 
Transportation cost: The transportation costs of waste rock material through trucks are 
estimated by multiplying the tonne kilometres (tkm) with a specific cost factor (1 tkm costs 
3,086 VND12 and is equal to 0.1066 Euros13) (RAME, 2011). The number of tonnes in 
tkm consists of the weight of loaded waste rock material i.e. without truck’s own weight. 
The distance (in km) is the distance between loading and dumping site. 
Total haulage and return distance of 4 km (see Subchapter 6.5.1.2) was assumed for 
calculations of haulage distance during experimental and test dumping campaign. The 
cost factor for both loaded haulage distance and empty return distance of truck was 
considered to be equal for both sides. The total tkm required for experimental dumping 
area were 242,547 (60,636 t x 4 km). 
Dozer cost: The cost of dozing is estimated using the amount of material to be levelled in 
cubic metres. Normally, a percentage of transported material is supposed to be pushed 
by a dozer for specific dumping height. For example, for a 4 m of dumping height, 30% of 
the dumped material has to be handled by a dozer and the percentage has been found 
                                            
10
 Currency exchange rate of 20.07.2011, 1 Euro = 28,924 VND [www.gocurrency.com]. 
11
 Currency exchange rate of 20.07.2011, 1 Euro = 28,924 VND [www.gocurrency.com]. 
12
 Cost factor for the year 2010. 
13
 Currency exchange rate of 20.07.2011, 1 Euro = 28,924 VND [www.gocurrency.com]. 
Mine Waste Rock Dumping in Vietnam 91 
 
 
based on experience (RAME, 2011). The cost of levelling or pushing one cubic metre of 
waste material is 2,717 VND (0.0939 Euros14). 
For estimation purposes, an average of 30% of material levelling is used for dozer cost 
calculations during experimental and test dumping phase. Table 9 shows the total costs 
for shovels, trucks and dozers employed during the experimental dumping phase. 
Table 9: Capital and operating equipment costs for experimental dumping. 
Machinery Waste material Unit Cost per unit (VND) Total cost (VND)
Shovels 23,055 m³ 4,893 112,808,115
Trucks 242,547 tkm 3,086 748,500,042
Dozers 6,917 m³ 2,717 18,792,131  
6.5.1.5 Density Measurements 
Waste rock was dumped in the form of layers at Chinh Bac dump site as shown in Figure 
53 according to the planned profile. The specific areas were compacted by passing over 
the loaded trucks for 2, 4, 6 and 8 times in the experimental dumping site. The density 
distribution in compacted areas of experimental dumping site was then determined. The 
measurements were carried out in-situ with the Water Replacement Method (Braja, 2011, 
pp. 10-66) at various depths. 
 
Figure 53: Experimental dumping with 2 m layer height. 
The testing points at the experimental dumping area are shown in Figure 54. 
                                            
14
 Currency exchange rate of 20.07.2011, 1 Euro = 28,924 VND [www.gocurrency.com]. 
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Figure 54: Density test points at experimental dumping area. 
The results of density measurements are shown in Table 10 which shows higher 
compaction at the upper parts of the layers which is decreasing downwards. The density 
measurements were conducted up to depths of 1.45 m. Another important conclusion is 
the higher amount of water contents in the areas of the dump where there was no 
compaction from trucks (grey highlighted cells in Table 10). 
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Table 10: Density measurements results in experimental dumping area of Chinh Bac site. 
Location
Natural 
density
Water 
content
Grain 
density
Dry 
density
Porosity
Void 
ratio
Saturation Depth
Truck 
passes
Unit [g/m³] [ - ] [g/m³] [g/m³] [ - ] [ - ] [ - ] [m] [ - ]
CP1 2.4 4.16% 2.65 2.31 0.13 0.15 0.75 0 ?
CP2 2.22 4.96% 2.65 2.11 0.2 0.25 0.52 0 ?
CP3 2.29 4.59% 2.65 2.19 0.17 0.21 0.58 0 ?
CP4 2.36 6.84% 2.62 2.21 0.16 0.19 0.97 0 2
CP4 1.97 4.58% 2.66 1.88 0.29 0.42 0.29 -1.25 2
CP5 2.4 6.84% 2.66 2.25 0.16 0.18 0.99 0 4
CP5 2 5.76% 2.62 1.89 0.28 0.39 0.39 -1.45 4
CP6 2.39 6.84% 2.66 2.23 0.16 0.19 0.96 0 6
CP6 1.94 6.88% 2.66 1.81 0.32 0.47 0.39 -1.5 6
CP7 2.37 6.84% 2.62 2.22 0.15 0.18 0.99 0 8
CP7 1.91 8.62% 2.66 1.76 0.34 0.51 0.45 -1.45 8
CP8 1.86 11.66% 2.66 1.67 0.37 0.6 0.52 0 0
CP8 1.87 12.15% 2.66 1.67 0.37 0.59 0.55 -1.6 0
CP9 2.02 8.37% 2.65 1.87 0.29 0.42 0.53 0 2
CP9 1.9 4.40% 2.65 1.82 0.31 0.46 0.25 -2 2
CP9 1.97 5.23% 2.65 1.87 0.29 0.41 0.33 -3 2
CP10 2.25 4.46% 2.65 2.16 0.19 0.23 0.51 0 4
CP10 1.99 5.99% 2.65 1.88 0.29 0.41 0.39 -1.5 4
CP10 1.93 5.84% 2.65 1.82 0;31 0.45 0.34 -3.25 4
CP11 2.05 5.03% 2.65 1.96 0.26 0.35 0.38 0 6
CP11 2.03 6.60% 2.65 1.91 0.28 0.39 0.45 -3.1 6
CP12 2.47 5.03% 2.65 2.35 0.11 0.13 1.03 0 8
CP12 1.87 4.54% 2.65 1.79 0.33 0.48 0.25 -1.5 8
CP12 1.92 5.68% 2.65 1.82 0.32 0.46 0.33 -3 8
CP13 1.47 5.88% 2.65 1.39 0.48 0.91 0.17 0 0
CP14 2.3 6.06% 2.65 2.17 0.18 0.22 0.72 0 20+
CP15 2.37 5.71% 2.65 2.24 0.15 0.18 0.83 0 20+
CP15 2.04 6.78% 2.65 1.91 0.28 0.39 0.46 -1.5 20+
CP16 2.32 8.10% 2.65 2.15 0.19 0.23 0.92 -0.8 20+
CP17 1.97 5.14% 2.65 1.88 0.29 0.41 0.33 -1.2 20+  
The test dumping results show higher density for 2 m high layered dumping at given 
space as compared to 4 m high layered dumping with low number of truck passes. When 
the numbers of truck passes are higher, 4 m layers can probably achieve even higher 
density as experiences from compaction tests have shown. It was, therefore, decided to 
carry out the test dumping campaign with 4 m layered dumping. 
6.5.2 Test Dumping 
Based on the experimental dumping, it was found that the method of layered dumping 
can be implemented with the existing equipment under Vietnamese conditions. The test 
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dumping area was subsequently constructed with 4 m high layers. The aim of test 
dumping site construction was to test the performance of new dumping concept in 
contrast to the conventional sidehill fill dumping. The initially proposed profile for the test 
dumping in layers along with the experimental dumping site is shown in Figure 55. 
 
Figure 55: Initial test dumping profile (right) and experimental dumping profile (left) with local 
Vietnamese coordinates system (HN-1972). 
The amount of waste rock material required as well as the estimated amount of machine 
work and costs for test dumping are presented in Table 11. 
Table 11: Planned test dumping capital and operating equipment costs. 
Machinery Waste material Unit
Cost per 
unit (VND)
Total cost 
(Million VND)
Shovels 323,487 m³ 4,893 1,582
Trucks 3,403,083 tkm 3,086 10,501
Dozers 97,046 m³ 2,717 263  
The original test dumping plan was to dump the waste rock material in layers without 
benches. The test dumping area was however, later modified after consultation with the 
Vietnamese partners and the new design consisted of three parts - traditional sidehill fill 
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dumping as well as layered dumping with and without benches. The modified test 
dumping design has been developed using SURPACTM and is shown in Figure 56. 
 
Figure 56: Modified test dumping area with three regions. 
Three distinct regions can be recognised in the test dumping area. A is the region with 
traditional sidehill fill dumping while the region B is layered dumping without berms. Third 
region i.e. C is layered dumping with berms while the lower section in Figure 56 is the 
ramp for the test dumping. The test dumping area was constructed to assess both 
dumping methods in terms of: 
 Erosion loss at each of three regions 
 Slope stability evaluation using geodetic monitoring 
 Ground settlements behaviour in each dumping situation with geodetic 
monitoring 
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The test dumping took longer time than planned, as the dump construction activities took 
place during the rainy season. The schedule of test dumping with the daily dumped 
volume (in m³) is shown in Figure 57. 
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Figure 57: Test dumping site construction schedule. 
Laser scanning campaigns are currently underway for the assessment of losses due to 
the erosion. The areas have been scanned with the help of ILRIS 3D laser scanner and 
digital models of the dump are generated using PolyworksTM. The scanning campaigns 
are realised before and after rainy season. The comparison of surface areas enables the 
assessment of the material loss (in m³) as a result of rain. 
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7 Economic Assessment of Layered Dumping in 
Vietnam 
The test dumping structure with three regions A, B and C at Chinh Bac waste rock dump 
site has been constructed with both CAT 773E and CAT 773F trucks. The dumping costs 
for Vietnamese conditions are calculated with two factors – the mass transported and the 
trucks travelling distances. The factors have been calculated with the use of field 
protocols of test dumping to investigate the possible economic differences of the different 
dumping operations. The dumping operations in each region were carried out for a 
specific time period separately i.e. region A (traditional sidehill fill) was dumped for few 
days alone and dumping in the region B (layered dumping) was carried out subsequently 
for a particular number of days. It was, therefore, easy to distinguish the operational 
parameters of the trucks in each region. The average waste rock mass transported by 
the trucks is shown in Figure 58. It can be recognised that there was almost similar 
amount of the material hauled during the test dumping varying from 47.5 to 57 t with the 
average of roughly 51 t per truck trip. 
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Figure 58: Average material transported by the truck in each dumping region per trip and per day. 
The average waste rock mass was identical for each dumping region and can be taken 
out of calculations when considering the truck haulage distances. 
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The average distance travelled by the haulage trucks has been calculated from the 
recorded field protocols and the results are shown in Figure 59. 
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Figure 59: Average distance travelled by truck in each dumping region. 
It can be recognised from Figure 59 that the dumping in September and October contain 
relatively longer haulage distances as compared to the distances covered by the trucks in 
July and August. One possible reason could be the different loading locations in later 
time periods of the test dumping. 
There is also a difference of the travelled distances in each dumping region and is further 
analysed in detail by dividing Figure 59 in three different graphs for each individual 
dumping region for assessing the possible impact of haulage distance on the final costs. 
The average distances for each test dumping region i.e. A, B and C are shown in Figure 
60, Figure 61 and Figure 62 and the difference in kilometres can be attributed as one of 
the factors in encountered costs in each dumping region. 
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Figure 60: Average distance travelled in region "A". 
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Figure 61: Average distance travelled in region "B". 
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Figure 62: Average distance travelled in region "C". 
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7.1 Actual Dumping Costs 
The cost factor for the trucks applied by Vietnamese project partners is 3,130 VND/tkm 
(cost factor for the year 2011) (RAME, 2011). For the dozer, the cost factor is 
550,000 VND/h (RAME, 2011). Using the sum of tkm and dozer hours for each of test 
dumping regions, the cost/tonne is calculated and shown in Table 12. 
Table 12: Costs of test dumping for region A, B and C. 
 
The cost per tonne value for the traditional sidehill fill dumping is 14,265 VND 
(US$ 0.6974)15 whereas it is 14,614 VND (US$ 0.7145)16 and 14,537 VND 
(US$ 0.7107)17 for layered dumping without and with berms respectively. This means the 
layered dumping costs more (1.33 up to 1.71 cents/t)18 than the sidehill fill dumping. The 
costs are further compared with model based values in Table 15. 
Concerning test dumping site data used for the cost calculations, the following conditions 
were revealed by the Vietnamese partners (RAME, 2011): 
 The truck load data were recorded by the worker on-site without any direct load 
measurements of the waste rock material transported by the trucks. It was based 
on the experience to judge whether the haulage truck was hauling 100% or 75% 
of its loading capacity during dumping operations. 
 Sometimes it was difficult for the observer on-site to differentiate whether a truck 
was dumping in the specified region of the test dumping area or in the nearby 
active dumping area apart from test dumping. This was because the regions 
within the test dumping area were not marked clearly and sometimes the 
dumping was conducted during evening or night. 
                                            
15
 Currency exchange rate of 20.07.2011, 1 US$ = 20,452 VND [www.gocurrency.com]. 
16
 Currency exchange rate of 20.07.2011, 1 US$ = 20,452 VND [www.gocurrency.com]. 
17
 Currency exchange rate of 20.07.2011, 1 US$ = 20,452 VND [www.gocurrency.com]. 
18
 The amount is in US$ cents per tonne. 
Cost of trucks Dozer cost Total cost  Cost/tonne
A                      
(traditional sidehill fill)
82,397 953,193 203 2,983,494 111, 815 3,095,309 14.265
B                         
(layered without berms)
139,600 1,676,408 201 5,247,157 110,550 5,357,707 14.614
C                         
(layered with berms)
90,274 1,068,805 186 3,345,360 102,300 3,447,660 14.537
Dumping region
Total 
volume (m³)
Total truck 
work (tkm)
Dozer 
work (hr)
Costs (1,000 VND)
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 It was sometimes not possible for the observer to differentiate the dozer work on 
a particular region because the dozer was working in the nearby areas as well. 
7.2 Model Based Dumping Costs 
For a cost comparison from the developed model and the actual field costs, three new 
profiles are developed theoretically with the same overall volume as that of the test 
dumping regions A, B and C. The profiles consist of the blocks with volume of a single 
block as 19.37 m³. This was the average volume transported by a single truck trip during 
test dumping. The dimensions of profiles have been found from AutoCAD map plotted by 
the Vietnamese surveyors after the construction of the test dumping area (RAME, 2011). 
The distances for each profile are calculated using the Equations A.3 and A.8 developed 
in Appendix A. Based on the observations during layered dumping in Vietnam, relatively 
lower speeds19 for the test dumping have been selected than the literature values given 
in Table 5. The distances travelled at benches have been divided by the speeds in both 
haulage and return directions of trucks to find the working time in respective profiles. As 
no information of individual ramps (size and inclination) for each test dumping region is 
available, the average haulage cost values from Vietnamese dumping protocols have 
been included in the calculations. The on-site measurements in Vietnam have revealed 
that for single turn and dump, the average time taken by a truck was one minute. The 
total time required for turn and dump is, thus, calculated based on the one minute time 
per trip. The results are shown below in Table 13. 
Table 13: Working time at ramps and benches for different regions of test dumping. 
 
As the dozer working time during the test dumping was almost same in both cases, 
analogous assumptions are applied in the calculations i.e. for one truck trip an average of 
2.3 min of dozer work is required in both sidehill fill and layered dumping regions. The 
waste rock mass in test dumping area is calculated with an average waste rock density of 
                                            
19
 10 km/h and 20 km/h for haulage and return respectively in less compacted layers. 
Distance (km)
Area (Length x Width) Height Bench Bench Turn & Dump Total
A 43.95 x 93.8 20 285 14.58 70.91 85.49
B 84.2 x 82.9 20 584 87.63 120.12 207.75
C 94.3 x 47.9 20 320 47.95 77.68 125.63
Region
Time (hr)Dimensions of Profile (m)
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2.63 t/m³20. The cost per tonne (U$/t) is shown in Table 14 for both sidehill fill and layered 
dumping. 
Table 14: Cost per tonne for various regions of test dumping. 
 
The values in above table are the dumping costs for trucks and dozers when working 
only on the dumping region. In order to get the entire dumping costs, average haulage 
distance from loading site up to the dumping site (approximately 2 km)21, is further 
included in the calculations. 
 
Figure 63: Average distance from loading location to the dump site. 
By adding two way (haulage and return of 2 km) truck travel costs of 0.6121 US$/t 
(0.1530 US$/tkm22 x 4 km), sidehill fill dumping costs 0.6917 US$/t while layered 
dumping without and with benches costs 0.7047 US$/t and 0.7018 US$/t respectively. 
According to the calculations, the layered dumping costs approximately 0.0101 to 
0.013 US$/t (1.01 to 1.3 cents/t23) higher than the costs of sidehill fill dumping. 
                                            
20
 The density of overburden at NBCC operated open-pit mines before blasting and the value is same for 
material at dump sites (RAME, 2011). 
21
 The value taken is from test dumping field protocols (RAME, 2011). 
22
 As stated in Subchapter 7.1, the cost factor for trucks transportation in Vietnam is 3,130 VND/tkm which 
is equal to 0.1530 US$/tkm according to the currency exchange rate of 20.07.2011. 
23
 US dollars cent per tonne. 
Dozer work (hr)
Bench Truck Dozer Total
A                      
(traditional sidehill fill)
4,254 163.79 6,421 10,833 17,254 216,798 0.0796
B                           
(layered without berms)
7,207 277.48 15,604 18,352 33,957 366,740 0.0926
C                            
(layered with berms)
4,661 179.45 9,436 11,869 21,305 237,533 0.0897
Cost 
(US$/t)
Region
Costs (US dollars) Number 
of tonnes
Truck trips
Dump Site
Open-pit
Haulage distance ~ 2 km
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7.3 Comparison of Actual Dumping Costs and Model Based Values 
The actual dumping costs and the model base values are summarised in Table 15. Using 
the cost value of sidehill fill dumping region (A) as a base value, the percentage of 
layered dumping costs have been further calculated in the table. 
Table 15: Actual and model based waste rock dumping costs. 
 
The costs of layered dumping are 1 to 2% higher than the sidehill fill dumping. This is the 
case for both model and actual site based values. The cost difference is slightly higher 
(0.5%) in actual dumping site than the model based values. This means the layered 
dumping operational costs can be higher than the sidehill fill dumping. The fact is true 
when only operational costs of both dumping methods are considered. When the 
problems from sidehill fill dumping are quantified in terms of costs, the cost difference 
relationship results in the overall financial benefit with layered dumping (see Subchapter 
5.3.7). The layered dumping is cheaper options than the sidehill fill dumping when overall 
environmental and operational costs are considered. 
The difference between model and actual cost values can be attributed to several factors. 
Some of the factors related to the model and field based data and calculations are given 
below: 
 The truck trips in later periods of test dumping represent more kilometres 
travelled by trucks as shown in Figure 59. The results can be clearly 
differentiated from Figure 60, Figure 61 and Figure 62. The reason could be that 
the truck was loading from a location which was further away than the locations 
in the initial stages of test dumping. During the final stages of the test dumping, 
major disposal operations were conducted at areas B and C while relatively 
lower number of trips can be recognised for region A. 
US$/t Percentage US$/t Percentage
A                      
(traditional sidehill fill)
0.6974 100% 0.6917 100%
B                           
(layered without berms)
0.7145 102.45% 0.7047 101.88%
C                            
(layered with berms)
0.7107 101.91% 0.7018 101.46%
Actual dumping values Model base values
Region
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 The cost factors in Vietnam are based on the local costs e.g. fuel and labour 
which partly differ from the costs values (InfoMine, 2006) applied to develop the 
cost comparison model. 
 The workers recording the truck and dozer works, sometimes had difficulties in 
finding the exact truck and dozer working locations when both test dumping and 
disposal at nearby locations were carried out side by side. There were potential 
sources of error when recording the dozer and truck work for the exact location 
when the operations were conducted in the evening or at the night. 
 There was no consistency in the dumped waste material. The material from 
former dumping sites for relocation purposes and overburden from the 
concurrent operational mining sites, were both dumped in same new dumping 
site. The materials had different densities but for cost estimations average 
density for all materials was used. Density measurements at NBCC are not 
conducted frequently. 
 The costs of dumping in Vietnam are from the year 2011 while the costs used in 
evaluating the comparison in developed model are from 2006. The currency 
exchange rates are different in different time periods. 
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8 Discussion and Recommendations 
There are several environmental and economical benefits when layered dumping is 
applied compared to sidehill fill dumping. However some minor issues, when properly not 
addressed, can reduce the performance of layered dumping to some extent. 
The first issue can be the higher amount of dozer work required in layered dumping as 
compared to the sidehill fill dumping. This can be problematic for situations where a 
dozer is not permanently available for the dumping site. For example, in Vietnam, the 
mining company (NBCC) did not manage to have a dozer permanently available due to 
limited availability during the implementation of the experimental dumping phase of the 
layered dumping. When no dozer was present at the dumping site, trucks were dumping 
the material not at the edge for the advancement of the layer but in front of the crest and 
at the tops of bench as shown in Figure 64. In that case, a relatively higher amount of 
dumped material was required to be pushed by the dozer increasing the amount of 
working time and cost. 
 
Figure 64: Layered dumping without dozer. 
In addition, proper matching should be done between truck cycle times and dozer 
pushing times at the dumping location. The dozer levelling should create enough free 
space for the waste rock dumping by the haulage trucks in time. If a dozer is taking too 
much time to level the material or is moving randomly, interruptions in the trucks 
transportation and dumping can occur. 
One more possible issue can be the expansion of layered dumping profile in lateral 
direction once the dumping has been completed in the lower sections. If the vegetation 
has already been planted for rehabilitation purposes in the lower dump sections and the 
dump needs to be expanded in horizontal direction, the situation can be problematic. 
Therefore, proper planning should be done for the entire dumping material. 
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8.1 Recommendations 
Based on experiences gained during the implementation of layered dumping, the 
following recommendations can optimise the benefits from layered dumping. 
In order to make the layered dumping practice more cost effective, the required auxiliary 
equipment (especially dozer) should be continuously available on-site. Otherwise, the 
trucks will dump the waste rock over the operating bench instead of the edge of dumping 
face. The result would be a pushing of the entire dump material by the dozer (see Figure 
64). This increases the required dozer work which can further increase the overall 
dumping costs. When a dozer was available on-site during experimental layered dumping 
and was working parallel to the truck, relatively lower amount of waste material required 
pushing (see Figure 65) and thus reducing the overall costs. 
 
Figure 65: Layered dumping with dozer and truck working side by side. 
Sufficient manoeuvring space for the dozer as well as the trucks has to be provided at 
the dump site so that both can work side by side without interrupting the work of each 
other. 
For an optimised performance with the layered dumping, the future mine development 
should be precisely defined, planned and included in the dump design. If a dump is 
constructed over the future mining area (for example, a coal deposit has been found 
under the former dump site in Vietnam), the relocation of layered dumped material will 
require the excavation of highly compacted material (relatively to sidehill fill dumped 
material). 
Finally the training of truck and dozer operators is of high importance as the correct truck 
location for dumping and exact location of dozer for pushing leads to optimised dumping 
results and minimisation of related costs.  
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9 Summary 
Waste rock disposal is a significant process for open-pit mines because of economic, 
environmental, stabilisation and regional implications. A well planned waste rock dump 
can enhance the profit in mining with improved environmental and stabilisation 
behaviour. The waste rock dump design can be adjusted to the regional requirements. 
The proper designing and implementation of a dump site can reduce the operational 
costs and post construction activities. It is, therefore, necessary to accurately design and 
operate a waste rock dump which can bring net gains for the mining operation as well as 
surrounding communities by reducing environmental degradation at the same time. 
There are several waste rock disposal methods within mining industry and sidehill fill 
waste rock dumping method is commonly in practice at several open-pit mines including 
the ones in Quang Ninh Province of Vietnam. The process starts from the top of hill 
dumping the waste rock downward. The dump expands in lateral direction as it receives 
more and more material. Compaction at the upper parts is caused by the operating 
weight of the haulage trucks. Due to nature of dumping, this practice involves various 
negative operational, environmental and stabilisation issues. These can result in 
conflicting situations as several parameters like slope angles, benching and 
rehabilitation, cannot be easily controlled during the active dumping phase. 
The sidehill fill dumping can result in problems with slope stability where sometimes 
slope failure can occur. Ground settlements are common at the top of dump surface 
creating problems for rehabilitation activities. Another problem with sidehill fill dumping is 
the erosion occurring at the outer slope surfaces. In addition, several truck accidents 
have already been recorded in the past at sidehill fill dump sites. Rain water can easily 
seep inside the dump body because of the available cracks at the top of dump and the 
availability of oxygen, water, sulphur and certain metals can result in the ARD generation. 
If a relatively high content of coal is present within the waste rock, dump fires can be 
expected at sidehill fill dumps. The outer slopes in sidehill fill normally require resloping 
for rehabilitation purposes. 
The problematic issues of the sidehill fill dumping method investigated in this dissertation, 
thus, reflect poor environmental and stabilisation performance. The poor performance 
resulted in the increased costs for the mining companies with the implementing of the 
solution for the environmental (e.g. ARD) and stabilisation (e.g. slope failure) problems. 
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The problems encountered required a new dumping approach with minimum 
environmental and stabilisation issues. 
The option of waste rock dumping in the form of layers can be a solution to various 
problems resulting from sidehill fill dumping method. This method can result in a better 
and improved operational, stabilisation and environmental performance. Layered 
dumping is already employed in several parts of world, usually for underground mining 
wastes. However, within the elaboration of this dissertation layered dumping of waste 
rock from open-pit mines is implemented and assessed under the given local 
circumstances and conditions in Vietnam. 
Layered dumping progresses from bottom upward vertically in the form of layers of 
specific heights. The layer height is determined on the base of local requirements like the 
amount of compaction required, dozer availability, the type and maximum size of waste 
rock particles. The upper surface of each layer is compacted by the operating weight of 
equipment (like haulage truck). For lower bench heights, higher amount of dozer work is 
required in comparison to the sidehill fill dumping but the process will result in better 
compaction with all its advantages. 
With the layered dumping method a relatively higher amount of waste rock can be 
dumped at a given space because of higher compaction in the upper levels of the layers 
which increases the density of waste rock material. The compaction reduces the chances 
of cracks and ground settlements in the upper surface of dump. In addition, the 
probability of water entry and ARD generation is less due to the compacted upper 
portions of each layer. As there are impermeable portions inside the dump, oxygen entry 
is restricted and thus minimises the hazard of dump fires. The dump structure with 
layered dumping is more stable because of compaction which improves geotechnical 
parameters responsible for slope stability. The layered dumping method also offers 
flexibility in design for rehabilitation purposes. The berms can be left and vegetated by 
placing the topsoil onto the slope surface in lower sections while dumping operations 
continue concurrently at upper parts of dump. The berms have another potential benefit 
of decreasing the speed of water thus reducing the erosion on the slope surfaces. 
For layered dumping to be acceptable for implementation in the mining operations 
especially in Vietnam one of the most significant concerns could be the costs of the 
process in comparison to the method already in practice. Thus, the economic aspects of 
the new dumping method have been assessed. For this purpose, two scenarios each for 
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sidehill fill and layered dumping have been developed where the waste rock dump 
consists of a block model. Operational costs of trucks and dozer are estimated for both 
sidehill fill and layered dumping at ramps and benches using literature values and the 
developed block model. Cost analysis for both dumping variations, with certain input 
speeds which were based on grade and rolling resistance for particular situations at 
dump sites, have revealed the possible financial benefit with the implementation of the 
new approach. Initial results have shown that for some of the profiles, layered dumping 
has financial benefits while for others it has not. Sensitivity analysis of literature based 
truck speeds and short term site based dozer work measurements have also been done 
to assess their impact on the final results. The model results, however, are valid only 
when operational equipment costs are considered for analysis. 
There are other costs which should be incorporated within the overall cost analysis. 
When the cost of remedial actions for environmental degradation as well as resloping 
requirements for rehabilitation purposes of sidehill fill dumping are quantified and 
included in the cost comparison, it can be assumed that the profit of layered dumping for 
already profitable profiles increases. Similarly, the profiles with no financial benefits for 
layered dumping results in net benefit by taking into account the remedial costs in sidehill 
fill dumping. 
As an example, the ARD treatment costs can be taken into account in (theoretical) 
overall cost saving analysis. Sidehill fill dumping as opposed to the layered dumping 
most probably might necessitate ARD treatment. This is because the structure in sidehill 
fill dumping can easily permit the free movement of oxygen and water inside the dump 
body. The reaction of oxygen and water with sulphur and some metals in waste rock can 
result in ARD generation. On the other hand, the water and oxygen movement inside the 
layered dumping is reduced with compaction in the dump structure. The probability of 
reaction of water and oxygen with sulphur and metals in waste rock dump is thus 
reduced in layered dumping. Such savings were calculated for the given profile with 
length and width of 1,000 m and height of 40 m. In the first step, there was no financial 
benefit for layered dumping compared to the sidehill fill dumping in this profile. Moreover, 
in a second step, the presumed cost of 0.22 US$/t for ARD treatment (collect and treat) 
when performing sidehill fill are taken in the consideration. Here it shows that the overall 
cost benefit for the layered dumping lies in range from 0.0 up to 0.20 US$/t (ARD 
treatment costs for layered dumping) depending on the amount of compaction restricting 
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the movement of water and oxygen and preventing the reactions for ARD generation as 
one can assume with great certainty that ARD treatment can be avoided. 
Waste rock has been dumped in the form of layers at Chinh Bac dump site in Vietnam in 
order to assess the feasibility and performance under the framework of RAME research 
project. The dumping operations consisted of two stages i.e. experimental and test 
dumping. A relatively higher amount of density was found at the upper levels of layers 
during experimental dumping. The test dumping area was later constructed in areas 
consisting of sidehill fill dumping, layered dumping without and with berms to compare 
the performance of both methods. 
Actual costs of both sidehill fill and layered dumping were calculated using the test 
dumping operation protocols from the Chinh Bac waste rock dump. Based on the 
calculations, it has been found that the layered dumping method roughly costs 0.013 to 
0.017 US$/t higher than the traditional sidehill fill dumping method. 
In addition, the costs were also calculated with the developed model for test dumping 
profiles. Here relatively lower trucks speeds than the literature values were incorporated 
in the model based calculations because of real time observations at the given dump 
sites. The results corresponds to the actual dumping costs with layered dumping costs 
higher by an approximate range of 0.010 to 0.013 US$/t. Based on experience gained, 
the layered dumping performance can be further enhanced by proper planning and 
permanent on-site dozer availability which can result in lower cost. Although apparently 
the layered dumping operation costs are higher than the sidehill fill but an incorporation 
of other problems (ARD, resloping, erosion etc.) and their solutions certainly bring net 
benefits with layered dumping as discussed previously. 
It can, therefore, be concluded from the above discussion that the new dumping 
approach will have net gains when implemented at dumping sites. Layered dumping can 
contribute its share towards profitable mining operations as an environmentally friendly 
method creating stable, dense dump structures with less cost of operations for active 
dumping and for the post dumping as well. 
As an overall conclusion, it can be said that from a pure operation cost point of view, 
layered dumping as opposed to the sidehill fill dumping might in some cases show 
slightly higher cost. However, from an environmental and safety point of view the benefits 
of less landuse, improved slope stability, less dump fire hazard, less or no ARD and 
quicker rehabilitation show the benefit of layered dumping.  
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Appendix A 
Distance Covered by Trucks at Sidehill Fill Dumping 
The waste rock dump constructed in the form of 
block model as sidehill fill dumping practice is 
already shown in Figure 24 and is plotted again on 
the right. The distance covered by the trucks is 
calculated for the ideal case when the trucks travel 
on exactly defined path. The dump consists of the 
blocks with height more than the other two 
dimensions i.e. length and width. It is assumed that 
the increment in dimensions is same after dumping both at top and bottom of the dump. 
Also, slope angle of dumping blocks is equal to slope angle at foundation of the dump.  
The dimensions of the dump are assumed as, 
 
 
 
For an individual block with volume “V” of 30.32 m³ which is equal to the material 
transported by a single trip of CAT 773F truck at dumping height “h”, the dimensions of 
each individual blocks are, 
 
 
 
 
 
  (A.1) 
Where 
 
W
L
H
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For finding the distance increments at the bench the assumed distance covered for the 
first block is 0. The widthwise distance covered for the series of blocks in metres is 
according to Figure 66. 
 
Figure 66: Truck travel in widthwise direction. 
The individual distance for each of the single block in the direction of the width of the 
blocks is as, 
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Simplified as: 
  (A.2) 
The total distance of blocks with width “w” and length of “l” is calculated according to 
Figure 67. 
 
Figure 67: Distance covered in both length and widthwise. 
Total distance covered for the lengthwise series of the blocks can be calculated using 
Equation A.2. Accordingly, total distance covered for the first (blocks at the bottom of 
Figure 67) series of blocks, 
 
Distance covered at second series of blocks consists of two components i.e. widthwise 
and lengthwise distance, 
 
Total distance at third series 
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Total distance for nth series 
 
Adding up all the distances for n series of blocks leads to the total distance at the bench 
 
Combining the summation functions 
 
As there are n series, the summation function can be simplified 
 
 
 
Again simplifying 
  (A.3) 
For these distance increments, we can add distance for turn and dump dtd of truck as 
shown in Figure 67. 
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The total distance for turn and dump “dtd” for all blocks, when single turn and dump 
distance is “dd” and “nt” are the number of trips, can be written as 
  (A.4) 
Adding the three sections i.e. ramp, bench, turn and dump (Equations A.1, A.3 and A.4) 
of distances results in the total distance covered for the dumping during sidehill fill 
method. 
 
  (A.5) 
As experience in Vietnam has shown, the value of “l” with single dumping is 3.66 m, the 
value can be replaced in the above equation. For block with volume of 30.32 m³ and 
length “l” of 3.66 m, the value of width “w” is, 
 
Replacing “I” with 3.66 and “w” with 8.28/h for the case of Vietnam the total distance 
covered by trucks will be, 
  (A.6) 
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Distance Covered by Trucks at Layered Dumping 
For calculating the distances covered by trucks at 
layered (4 m high) dumping, the dimensions for waste 
dump assumed are shown in figure on right and it is 
same as Figure 24. When the dimensions of truck are 
considered during dumping, the assumed length and 
width will be opposite to that of the length and width for 
sidehill fill dumping because the ramps are assumed at 
width of the dumping region contrast to sidehill fill dumping where ramp is assumed in the 
dimension of length. As we are comparing the distances at two profiles, the dimensions 
i.e. length and width of dump profiles are assumed as similar in both cases.  
The dimensions of the dump are, 
 
 
 
 
 
 
 
 
Distance covered at the ramp will consist of ramps of different heights with each height 
corresponding to the layer height. We can sum up the total distance covered at ramps by 
summation of individual ramp distances as, 
  (A.7) 
Where 
= Sum of distances over all ramps in layered dumping 
W
L
H
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The distance covered at each layer will be same for all layers and can be calculated by 
the Equation A.3 of previous section by replacing the “m” and “n” with “ml” and “nl” 
respectively. The distance covered at single bench is, 
 
Distance covered at all layers with number “nl” is, 
  (A.8) 
The overall distance for turn and dump for all blocks will be same for sidehill and layered 
dumping as the assumed profiles dimensions are same. When the distance is “dd”for 
single trurn and dump, the overall distance for turn and dump “dtd”, 
  (A.9) 
Again, adding the distance covered at ramp, bench as well as turn and dump (Equations 
A.7, A.8 and A.9) will results in total distance covered as follows, 
 
  (A.10) 
For Vietnam the width of single dumping, “w” in this case, is equal to 3.66 m and the 
layer height is assumed as 4 m. For single block volume of 30.32 m³ which is equal to the 
material transported by single truck trip, the length “l” is, 
 
Replacing “w” with 3.66 m and l with 2.07 m, above equation becomes, 
  (A.11) 
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